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Magneticatly Gated 
Transistor Servo Amplitiers 


LinBRASCOPE 






ELEC PrRO-NAGN De et ® 






COM PONEATS 







Where top performance and 













sustained accuracy are a 
“must”—specify Electro-Magnetic 
Components, designed, developed 
and manufactured by Librascope. 
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Non ambiguous Shaft 
Position to Digital con- 
verters for Gray, Binary 
and Binary Coded Deci- 
mal systems. Used in 
digital airborne controls 
machine tool controls 
or wherever position 
data must be translated 
to digital form. 






















SERVO CROSSOVER NETWORKS 


can be furnished for printed cir 


cuits, plug-in or direct wiring 






for various input and output im 





pedances and various transmis 


sion systems 






PACKAGED CIRCU!TRY 






custom designed and manufac 






tured to customer specifications 











If you have a problem concerning « omplete 


computer/control systems—contact Libras« ope 





LIBRASCOPE, INC.+- GO8 WESTERN AVENUE + GLENDALE .- CALIFORNIA 









Now— 
the newest, most 


accurate Analog Computer 
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Goodyear Aircraft Corporation proudly presents 
its A-14 Series, spectacular additions to the GEDA 
family of general purpose 


analog computers and 


computing accessories. 
The new A-14 GEDA console offers: 


@ The most accurate, widest-band linear com 


puting equipment. 


@ The most precise high speed electronic non 


linear equipment. 


@ The widest selection of accessory equipment. 
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The GEDA A-14 series is the most advanced, most flexible 
analog computer combination available. It allows you to 
purchase only what you need today, change or expand it 
as conditions require. You'll be surprised at the low cost of a 
GEDA A-14 series installation, 


exact needs, 


ANALOG COMPUTERS You really should know more about this truly modern 
approach to technological advancement. Write: Goodyear 


Akron 15, Ohio. 


Aircraft Corporation, Department 93160, 


The way to give your hunch a chance 


GOODZYEAR AIRCRAFT 


GEDA~—T.M. Goodyeer Airereft Corporation, Akron 15, 0 
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OPERATIONAL 
SCHEMATIC 
TYPICAL 
COMPUTER 


KEY: 


~~-~ Mechanical 
Connection 


oe Electrical 
Connection 


mm functions virtually unlimited in scope 


The key elements of the Kollsman Air Data 
Computer System are the Synchrotel Trans- 
mitters and the Pressure Monitors, using 
displacement type diaphragms, to provide 
the necessary inputs. These Kolisman units 
have had their reliability proven again and 
again by the thousands now in use. And, 
there is more than 28 years of unique expe- 
rience behind the development and perfection 
of the displacement type diaphragm by 
Kollsman. 

That’s why you can expect superb per- 
formance and accuracy characteristics in a 
Kollsman Computer. 


Perform functions virtually unlimited in scope 


Kollsman electromechanical computers are 
being used in autopilots; photographic, 
bombing and fire control systems; navigation 
equipment — some in conjunction with radar. 


Scope of design is almost unlimited. 


KOLLSMAN Air Data Computers 


... now available in systems such as the following: 





Air Data Master Air Data Temperature and Humidity 
Ground Position (GP!) Static Pressure Correcting True Airspeed and Mach Number, C-2A 





The outputs of such computers, having True Angle of Attack Equivalent Airspeed _ Relative Air Density 
accuracies better than .5% of range \ Absolute Pressure True Airspeed True Altitude Variation 
are specified functions of the following: \ Indicated Airspeed Mach Number True Temperature 











Ware for illustrated literature with complete technical data. 


kollsman ssssts 
hh ha 


KOLLSMAN PRODUCES: Flight Instruments « Precision Computers and 
Components « Engine instruments « Optical Systems and Components « 
Navigation instruments ¢ Precision Flight Controls « Motors and Synchros 
* Precision Test Instruments for Aviation and industrial Laboratories 





80-08 45th AVE., ELMHURST, NEW YORK + GLENDALE, CALIFORNIA « SUBSIDIARY OF Standa nd COIL PRODUCTS CO. INC. 
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| | SHOPTALK 


A CHALLENGE TO READERS 


Our pyrotechnic cover and the related article deal with 
one of those “Why Didn’t I Think of It?” innovations 
his one, we believe, has broad implications, offering, 


s as it does, a new, positive way to reduce the fallibility of 
What will . | 


“fail-safe” systems to near zero. W hen we first got wind 
of it we asked our crack analyzer, Ed Kompass, to dig for 


happen M “bugs”. Ed dug and dug _ but soon could be 


heard muttering, “Now why didn’t I think of this?” Just 
what is the new approach to “fail-safe”? You had better 
turn to page 79 to find out. And after you've read the 
article we would welcome any letters that suggest either 

- ) * \) a “bug” in the concept, or B) an unusual application 
\a34+\Ik for the new technique If you're in the first category 
we'll ask the inventors to try to resolve your objection. If 
you're in the latter, then with your permission, we'll 
publish your sketch and details on the application. Send 
aoe State trechup your letters to Ed Kompass at this office 


of Model A53 high current 
output accelerometers 

and a Model MR-1 PUTTING COVERS TO WORK 
recorder has proven to 
be « successful system. 


STATHAM Mode! A5S3 
accelerometers produce yourself Tage with a cove! show ng 
a signal of +04 
caiiillameere tate © 40 chm iow pulses can be used. Readers were 
load. They are small in ’ , . 
size and light in weight. so enthusiastic that ‘Tony Blundi of 


Last July we succumbed to the do-it 


Control 


ENGINEERING 


Please request Burroughs converted the cover and his 
Statham Bulletin 
No, A53. 


The Model MR-1 is a 
miniature airborne magnetic 
tape recorder manufactured 
by North American 
instruments, Inc., 

2420 N. Lake Ave., 
Altadena, California, and The Exhibit and its 
is described in their ~~ 

Bulletin 104 





article into a working display at the 
Western Computer Conferencc 


Inspiration 
The formula “A53 + MR-1" 
demonstrates the ability 

of Statham Laboratories to 
cooperate with recorder 
manufacturers in a joint 
effort to serve the 
engineering field. 


HAROLD STIRS UP A SWARM 
We've been told that the control business in greatet 
los Angeles simulates a giant bee hive. Poke the hive and 
youll stir up a swarm of busy activity. Dip inside and 
vou ll find mucho honey. Our Western editor, Harold 
Hood, keeps busy testing this theory. ‘Two proofs of the 
swarm and honey are in this issue: the feature news 
4 y/ story—livened with Harold’s candid pictures—which tells 
U | Yh, MUI) how ElectroData has brought in a honey of a digital crop 
LABORATORIES | in two years. And Industry's Pulse, which swarms with 
facts on how the L. A. control hive got the way it is 
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Librascope Desk-Size Computer 
‘ GPL industrial-institutional TV System 


Link Aviation 
F-89D Jet Simulator 


The GPE Companic S 

are leaders in that small, 

select group in American industry which is broadly quali- 

fied to develop and produce the systems needed today 

for defense and industry. GPE leadership accounts for 

some of the most advanced systems in use in business, 

television, aviation, marine, stecl, oil, power and other 
industrial fields. 

In Systems Engineering, advanced capacities and 
resources are prerequisite. Yet, no matter how highly ad- 
vanced, they are insufficient if limited to a few areas. 
And beyond that, success requires the application of 
such balanced competences at every stage—beginning 
with research and extending all the way through develop- 
ment, production, and final testing. 

The following basic characteristics and methods 
of operation of the GPE Companies explain GPE suc- 
cesses in systems work 
@ the exceptional engineering acumen of more than 
2500 GPE scientists, engineers and technicians working 
in depth in the wide range of advanced capacities indi 
cated in the chart above; 

@ the extensive research, development, manufacturing 
and testing resources of the GPE Companies; 


GENERAL 


THE GPE 


PRECISION 


EQUIPMENT 


@ KEARFOTT COMPANY, INC. QJ INTERNATIONAL PROJECTOR CORPORATION 


at and research «©0088 Pilot manufacturing product development oad research 


Precision Mechanics, Optical Devices, Ceramics 
Electrical Equipment and Components 
Electronics 

Hydraulics, Liquids Processing, Heat Exchange 
Television: Studio, Theatre, Business stitutional, industrial 
instruments, Servos, Controls. Mydrau Prewmatic 
Aircraft and Missile Guidance, Contr« mulation 
Automatic Computers and Components 

Radar, Microwave, Ultrasonics 

Motion Picture and Audio Equipment 


Nuclear Power Components and Controls 


F 
i Power Package 
= 


Griscom-Russel! 
Shipboard Distilling Plant 


Ashania Electro-Jet 


| 


® the GPE operating policy, Coordinated Precision 
Technology, which inter-relates all relevant GPE engi 
neering, research, and production skills and resources; 

© unremitting insistence on highest quality on the part 
of every GPE: Company, every step of the way. 

No GPE Company is limited by the boundaries 
of its own specialties. Behind each engineering group 
working on a specific problem in one GPI 
stands the whole group of GPE scientist 
technicians with the answers—or the 
will find the answers 
lated to that problem 

To the customers of GPE Companies this means 
that the concept and development of equipment, com 
ponents and systems are not restricted or distorted by 
traditional allegiance to specific competences. The five 
systems illustrated, while products of different GPE 
companies, are all examples of the consistent application 
of balanced competences, achieved through GPE coordi 
nation 


company 
engineers and 
knowledge that 


to questions underlying and re 


For brochure describing GPE Coordinated Pre 
cision Technology and the work of the GPI Companies 
or help on a specific problem, write: General Precision 


Equipment Corporation, 92 Gold Street, New York 38 


CORPORATION 


@ bivoworTH marine 


Magnetic, Electronic 


@ GENERAL PRECISION LABORATORY INCORPORATED @JTHE GRISCOM-RUSSELL COMPANY Q)LINK AVIATION, INC 
@ SHANO AND JuRS CO. QPTHE HERTNER ELECTRIC COMPANY Q@THE STRONG ELECTRIC CORPORATION 
@ |. & McAULEY MFG. CO. QPASKANIA REGULATOR COMPANY QDAMPRO CORPORATION Q>LIBRASCOPE, INCORPORATED 


PRODUCING 
COMPANIES 





FEEDBACK 


THE PROBLEM FORUM 


. . went on the road this month. Scouring the 
Deep South for trends, developments, and feature 
articles that will, in time, appear in the magazine, your 
forum chairman came upon some interesting problems 
that should challenge the members of the forum. Chal- 
enge | appears below. 

Remember to send in problems and answers. The 
authors of published problems will receive the com- 
plete file of answers plus cash enough for a tankful of 
gasoline (no auxiliary tanks, though). Contributors 
of solutions will be able to fill ‘er up, too. 


CHALLENGE I 
machine iable 


as continuous rods 


The modern 
makes cigarettes 


cigarette speed motor; and J the time 


constant of the gage, approximately 4 


Tubeless Constant Voltage Shares ) 
| For Measurement & Control Circuits 


Designed to replace the chemical cell and , 
VR tube in airborne, laboratory and other 


A “carding” 
a hopper onto a strip of cigarette paper 
a belt. ‘The machine wraps 
the cigarette paper around the tobacco 
and the resulting rod passes between 
the source and the ionization chamber 
of a nuclear gage. ‘The accompanying 
sketch represents the composite trans 


carried by 


roll pulls tobacco out of Sec 


(determined principally by th 
gage’s noise filter). ‘The unfortunate 
ituation: T, >> Ty | 

If the machine operates incorrect] 
it will disgorge ibout 20 ft 
of off-tolerance cigarette rod, or th 
equivalent of four and one half pack 
How can the control engineer reduc« 


for 5 scc, 


the duration and extent of the devia 
The gage, by the way, 


critical instrumentation, the K-Volt Standard , portation lag of all the elements in 
provides constant voltage through extremes } the process by a belt traveling at tions? 
of operating conditions . . . including am velocity, S, through a distance, L. The be relocated because of the 
_ bient temperatures as low as 55° and up to gage compares the basis weight of the configuration, and the manufacture 
100°C. Operating from AC or DC supply; it cigarette rod with the reference basis _is not about to redesign the 


pair! ‘a fame Hac faginc ala weight. Any difference is amplified this year. Design a feedback circuit 
shock. Negligible temperature coefficient, to vary the operating speed of the en for the control amplifier. Remember: 
‘dependable regulation characteristics and tire machine and so correct the basis that TI’, is much greater than any of 
rugged design make it applicable as an ab- weight. the transfer lags in the system. Should 
solute reference, a constant output working L/S T,, the transportation lag; the feedback circuit within the ampli 
) supply, or a precision voltage regulator Tez the time constant of the vai fier be arranged positive or negative? 
wherever specifications demand highest 
stability. Other important features are: Nuclear gage; 
ne constant, I; 


3 


cannot 
machine 


machine 





Small size: 1¥e" by 1%” dia, 
Power drain less than 1.8 watts 
Life: more than 10,000 hrs. 
Vibration: conforms to MIL-E-5272A 
Miniature 7-pin base 

Weight: less than 3 oz. 
Hermetically sealed 

Random drift less than 0.1% over 
1000 hrs. 











Models to Meet Wide Range of Application 
Requirements; The K-Volt Standard is avail- 
able for operation from 26.5 volts DC, or 
117 volts AC, 60 or 400 cycles; DC output 
6 volts or 1 volt, at 1 ma or 10 ma. 





Time constont, h, 























For complete specifications j 
and performance dota, MARCH 
Send for bulletin No. N128 
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Seeking, throws a bouquet 
lo THe Eprror 
In the Feedback section of your 
December 1955 issue, I have read 
ibout an interest in correspondence 
courses, and/or course outlines and 
training aids for small groups desiring 
information on automatic control at 
1 professional level. I certainly would 
like to take such a correspondence 
course, and also attend such group 
sessions. At the least I would appreci 
ate an outline and bibliography to 
progress through 
Personally, my needs are for a more 
profound knowledge of th higher 
mathematics involved 
I believe Conrrot. ENGINEERING i 


doing a most magnificent presenta 


tion, and especially appreciate the ar 
ticle in the August, 1955 issue, These 
Steps Design a Tach Stabilized 
Servo by Jules Kadish, and the on 
in the December, 1955 issue, How 
Stabilization Improves Closed-Loop 
Operation by Davidson & Nashman 


Albert C. Ghizzoni 
West Paterson, N. ] 


Industrial engineering magazines 
are predicated on the desires of engi- 
neers to progress in their jobs by keep- 
ing up with the latest techniques and 
equipment in their fields. Many of 
these engineers are not trained in the 
disciplines of the mathematical tools 
involved. It therefore becomes the 
responsibility of the magazine that 
serves them to introduce them to the 
mathematics and to break down the 
design procedures into the logical 
“handbook-type” steps laid out in the 
Kadish and the Davidson-Nashman ar 
ticles. We shall publish many more 
of these working-man’s articles and 
shall, in each one, trace the steps 
through the practical system design 
problems. Ed. 


Credit in arrears 
Mr. Max D. Miller, G. M. Gian- 
nini and Co., Inc., Pasadena, Calif., 
uggested in the Feedback section of 
our January, ’56 issue a technique for 
testing rate gyroscopes. It appeared 
on page 9 under our heading, “An 
other way to skin a cat’. We did 
not credit Mr. Miller for his useful 
kink. Know all ye by these presents 
that he is the contributor. Ed. 


Readers piqued in Ind., Pa., and U. K. 

Three readers, from as many cor 
ners within our circulation’s reach 
were aroused to comment on the geo 
metrical essay presented by Morton 
Mathew and Frank Bradley in the 





Tons of Steel to Ounces of Lace 


Rolls of Paper or what YOU Make 


Positive ASKANIA Edge Position Control... 
for Greater Production at Lowest Cost 


e In any kind of mill operating at 
any rate of speed producing almost 
any type of material, the ASKANIA 
EDGE POSITION CONTROL can be a 
dominant factor in your profit 
picture, 


EXAMINE YOUR OWN 
OPERATIONS 


If you PRINT, SLIT, LAMINATE, 
POSITION, WIND, STEER, TENTER Of 
EXAMINE—oOr require accurate edge 
control for any other operation 
you can greatly increase your pro- 
duction and decrease manpower cost 
by applying this proven, automatic, 
easily maintained control to your 
line. In the production of PAPER, 
PLASTICS, TEXTILES, RUBBER, FOIL and 
SHEET METALS, for example, the Edge 
Guide Control has practically elim- 
inated the downtime and the wasted 
materials and manpower previously 
common to their production, Versa- 
tility is practically unlimited! 


YOU'D BE SURPRISED! 


Edge control can be applied to a 
great variety of your problems Do 
you want to move the material—or 
would you prefer to move the fool” 
Do you think your edge problem is 
beyond control”? If so, you'd be sur- 
prised at the ease of adaptation 
the simplicity of operation and main 
tenance—and above all the accuracy 
that can be applied to your own 
problem 


CONTINUOUS CONTROL 

HIGH SPEED OPERATION 
NON-CONTACT 

HYDRAULIC POWER OPERATION 
MOST ACCURATE CONTROL 

FOR ALL WEB HANDLING 

WIDE RANGE 


Your first step is to send for our Bulletin No, 161—-which explains th 
purpose, function and operation of the ASKANIA EDGE GUIDE CONTROL, Write 
10 the ASKANIA REGULATOR COMPANY, 266 East Ontario Street, Chicago, Ill, 


ASKAWNUA accurarorn company 


CONTROLS FOR INDUSTRY 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A Subsidiary of General Precision Equipment Corporation 


MARCH 1956 





SIZE 8 (R1000 Series) 


750 x 1.240 inches, weighs 1.75 oz. 
Available as transmitters, control 
transformers, resolver and differentials. 
Max. error from EZ 10 minutes. 


SIZE 11 STANDARD (R900 Series) 


1.062 x 1.766 inches, weighs 4 oz 
Available as transmitters, control 
transformers, repeaters, resolvers 

and differentials for 26V and 115V 

applications. Max. error 
from EZ 10 minutes. 


SYNCHROS 


SIZE 11 SPECIAL (R500 Series) 


Same basic dimensions and applications 
as standard Size 11 Synchros. 
Conforming to Bu, Ord. 
configurations with max. error 

from EZ of 7 minutes. 


PRECISION RESOLVER (R587) 


Size 15. With compensating network 
and booster amplifier, provides 1:1 
transformation ratio, 0° phase shift, 

5 minute max. error from EZ 
Tangent generator explanation. 


“PANCAKE” SYNCHROS 


2.478 x 1.078 inches, weighs 11 oz. 
Available as transmitters, control 
transformers, resolvers, differentials 
and linear induction potentiometers. 
Max. error from EZ 2% minutes 
Suitable for gimbal mounting 


All these Kearfott Synchros are 
constructed of corrosion resistant 
materials, thus enabling them to be 
operated under adverse 
environmental conditions 


ALL PHOTOS 3/4 SIZE 


KEARFOTT COMPONENTS INCLUDE: 


Gyros, Servo Motors, Servo and Magnetic 
Amplifiers, Tachometer Generators, Hermetic 
Rotary Seals, Aircraft Navigational Systems, and 
other high accuracy mechanical, electrical and 
electronic Components 


Send for bulletin giving data of Counters and other 
ear tt components of interest to you 
KEARFOTT COMPANY, INC..,, Little Folls, N. J 
Sales and Engineering Othces 
1378 Main Avenue, Clifton, N. J 
Midwest Ofhce 
188 W. Randolph Street, Chicago, II! 
South Central Office 
a eueseey of exnenas 6115 Denton Drive, Dallas, Texas 


PRECISION EQUIPMENT CORPORATION West Coast Office 
253 N. Vinedo Avenue, Pasadena, Calif 
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FEEDBACK 


Problem Forum of our November 1 
suc. The piqued 
G. Duckworth, S. Woodford, Lon 
don, England, submitted an algebrai 
proof obtained from considering th« 
five roots of the complex equation 
=) = erp 


9) 


George .. Row, 644 | nd St 
Indianapolis, Ind., took time off from 
his next day’s work to shuffle the 
t 


equations of an algebraic proof an 


then went on to develop ‘geome tri 
proof, complete with triangk on 
tructions and O. FE. D. If only space 
permitted the publication of his fine 


treatise 


Joseph D. E. Konhauser, Haller 
Raymond and Brown, Inc., State Col 
lege, Pa., offered the bricfest 


lo tue Eprror 


I enjoyed reading Morton Mathew 
clegant proof of the identity sin 54 
sin 18 4. The shortest proof, using 
identitics, that I have been able to 
ome up with follow 


sin O4 sin 18° 
« 2 cos 14 (54 +18 
= 2 cos 36° sin 18 
2 cos 36° sin 18° cos 18 
cos 18 
cos 36° sin 36 
cos 18 
4, sin 72 
cos 18 
l 


= 9 


Reader gets in his slugs 


lo tHe Epiror 


I would like to compliment M: 
Davidson and Mr. Nashman on thei 
excellent article, Putting Stabilization 
to Work, in the January issue of Con 
rROL. ENGINEERING 

The article did, however, have an 
error in the illustrative problem on 
page 83. In the equations 
\/K/, and T,, ‘/y, the units of ] 
should be in slug-in.’, not lb-in.*. This 
means that the rotor inertia of the 
Kearfott R110 servomotor, give 
1.13 x 10°, would be divided by 
Chis accounts for g, required to get 
correct and consistent units through 
out the problem 

Melvin H. Lerman 

The Ww. I Viax on ¢ orp 

New York Cit 
Right. ‘The computed values in the 
balance of the problem are correct as 
published, but the correct use of g 
was not shown in the derivation of 
these answers. Ed. 













MULTI-CHANNEL 
DATA REDUCTION 
SYSTEM 





Punch Card Unit 
1BM 2523 Gang Summary Punch 
is shown at left 


18-Channel Simultaneous Sampling System reduces voltage data 
into magnetic tape and IBM punched-cards 


The EPSCO DATRAC 'C’ System simultaneously samples and Suitable for a wide variety of applications, this system 

converts 18 bipolar input voltages into their numerical repre- has the following outstanding features: 

sentation and stores the resultant digital codes on a magnetic 

tape. Up to 750,000 individual data points may be stored 

on a single |0!/," reel of magnetic tape. The incoming data 2. Overall system: 
- ; : ; Relative accuracy 0.025 

may be visually monitored during the data run. Following the i aclnte Gumianei 0.05 

data run, the DATRAC 'C’ System transfers the information = Same 

from the magnetic tape on to IBM punched cards. In opera- , oe compra timafer 

. . . A od . input channels 0.25 microseconds 

tion, the system is entirely automatic; although provision is 

made for both manual control and synchronization to an ex- , ner AE data points per Sin on 108 

ternal timing source. Further, the DATRAC 'C’ System auto- eae hi ag 

matically checks the accuracy of the data as it is being 5. Tape Coding Sign and 4 decimal digits in 


. 4.4.2.1 binary decimal code with 

r. t 

transferred from the magnetic tape to the punched cards. Qa eae parity check and sprocket pulse. 
each magnetic tape block 


MAJOR DESIGN FEATURES: or IBM punched card........One complete set of 18 readings 


plus frame number 


I. Input full scale voltages Multiple ranges from 210 me 
full scale to Z 10000 full scale 


@® Extensive use of magnetic circuit elements oO 
@ Chopper stabilized input amplifiers 

@ Standard cell automatic internal reference 
@ Conservative computer type circuit design votes Sov eee 


. Magnetic tape output Either single block 


to or continuous 


ade **¢ DATRAC Syvtem 





588 monwealth Ave., Boston 15, Mass. “ 
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oo ADVANCED 


‘ 


The design of modern communications equipment 
involves much more than electronic circuit tech- 
niques, Keyboards and coders are often required 
to translate the intelligence to be transmitted into 
“machine language’’ Recording and reproducing 
devices store intelligence until the equipment is 
ready to transmit it, or hold received intelligence 
until it can be translated back into human language 
by a printer or other output display device. 


| 


a 


“" 
Sg 
| 


Mm... 
Whication 


The combination of such mechanical and electro- 
mechanical techniques with the better known but 
still developing techniques of electronic circuit 
design makes of modern communications a much 
broader field than is commonly recognized. When 
such technical tools are used to provide equipment 
tailored to our rapidly improving understanding of 
propagation phenomena and information theory, 
the resulting practical improvements in communi- 
cation are sometimes little short of spectacular. 


The growing communications activities of The Ramo 
Wooldridge Corporation have generated requirements 
for additional physicists and engineers with substan 
tial experience in research, development,or production 


engineering on ad anced airborne and ground based 


+ Communication, Navigation and ECM Systems 
+ HF, VHF, and UHF Transmitters and Receivers 
+ Precision Electro-Mechanical Equipment 

+ Magnetic Recording Systems 

+ Signal Analysis Equipment 

+ Video and Pulse Circuitry 

+ Miniaturization and Packaging 





Part of Communications Equipment 
Pilot Production Activities 








| The Ramo-Wooldridge Corporation 
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L.A. UMANSKY 
puts a drive on progress 


\ man who has pioneered a technology is asked 
a great many foolish questions about how and why 
it got where it is today. Leonid A. Umansky faces 
this inevitable barrage with quiet good humor 
“Progress in control?” he muses 
fleeting target. It is what is 
is newest. 


“Progress is a 
latest and what 
Today we are preoccupied with the 
continuizing of machine operations—we call it 
‘automation’. But yesterday this was our preoccupa 
tion, too. It’s all a matter of degree, of steady ad 
vances, of properly trained men. This technology 
has not sprung up like Jack’s beanstalk. It is a 
product of Evolution.” 

Soft-spoken Mr. Umansky modestly ignores one 
thing: that Evolution has always had its “prime 
movers’ —dedicated, oriented enthusiasts like him 
clf, who speed up and lend luster to progress 


A computer in ‘22 


L,. A. Umansky’s career as a “prime mover” started 
in 1919, when he joined the General Electric ‘Test 
Program after four years in this country as a member 
of an Artillery Commission for the Russian Ord 
nance Dept. His excellent mathematical training, 
which went with an Electrical Engineering degrec 
from the Polytechnic Institute of St. Petersburg, 
sped him into the work for which he was to becom¢ 
famous: the use of analytical techniques in applying 
controlled power to industrial processes 
for the young engineer—and for control 
immediately. In 1920 he developed a formula 
used to this day—to calculate partial stabilization of 
flywheel m-g sets for mine hoists. And in ’22 (he 
beams in recollection) he went into a busy steel 
mill to make oscillographic tests of a reversing drive 
and wound up developing a mechanical computer 
for the root mean square of current 

[his brief foray into steel-making launched 
Umansky into twenty years of control application 
work in that industry. Between ’27 and “40 he wa 
awarded 18 patents on basic advance 
powcr. 


Progress 


started 


in controlled 
Hie promoted the use of de motors with 
adjustable potential control to provide flexible power 
for heavy processes. And he was one of the first 
to appreciate and apply the amplidyne, and later 
the amplistat, to regulating systems 

After working in American mills, Umansky was sent 
abroad to survey practice in western Europe and 
between '30 and ’32 helped General Electric to engi 


COUTSCS 


aA 
CONTROL 
PERSONALITY 


neer some of the huge steel mill 
the U.S.S.R. during its first five-year plan. He re 
turned to the U.S. in 1933 and in '36 took charge of 
the company’s steel mill section. During the war Mr 
Umansky led the engineering groups that contributed 
to the building of giant electrochemical plants, ait 
craft factories, and the huge electrical power system 
for nuclear plants at Oak Ridge and Hanford. After 
the war, as Manager of the Industrial Engineering 
Dept., he instituted 
in regulating systems and ipplic ation eng) 


that sproute d in 


unusual engineer tramimng 


neering. And created, guided, and spurred on to 
its first successes a dynamic analysi 
aimed at the basic study and « 


prot css 


group that 
ontrol of industrial 
sce January 1956 issu page 18-19 

Last August 1, L. A retired after 36 
years with General Electric. Although he enjoys his 
till fas 
hosen field 


Umansh 
new leisure, this vigorous, articulate man | 
from retired as a “prime mover 1 hi 
No, I have no plans at the moment. I delight in 
pending more time at home with my wife, Claudia 
and with the many books and publications in science 
and engineering which I had little time to read in 
the past. I imagine this ‘re-education’ I am now 
going through may whet m han 
things.” And we imagine that the control field 
will continue to hear from Leonid A. Umansk 


miterest im 
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WHAT'S NEW 


te 


A 2-yr-old Places 3rd in Digital Sweepstakes 


ElectroData’s recent dedication 
of a new 40,000-sq-ft plant and 
computer center served notice 
that this prodigy of the digital 
business now moves in the com- 
pany of giants. Current produc 
tion is three systems a month-- 
but plans call for a doubled ca- 
pacity by 1957. 


PASADENA, CALIF ., Dec. 13, 1955 
lo most of the reporters and local 
dignitaries who milled through Ele 
troData’s handsome new plant thi 
day, it was just another spectaculat 
example of the way control-field com 
panies seem to sprout and grow in this 
smog-tinted climate (see Industry's 
Pulse, page 55). But to those steeped 
in the folklore of computers there was 
special excitement. For, after only 
two years of corporate life, thi 
of the business had already 
P established itself as the 
ing digital computer firm 
17 installations 


upstart 


third-rank 
vith over 


> built up its contract computing cen 
ter into the largest in the West 
P developed a specialist data process- 
ing sales force in eight key cities 
> started construction of still another 
new plant to double output 
ElectroData began in the Computes 
Div. of Consolidated Fk 
Corp. and spun off as an 
October 1953. ‘The 
who started it wer 


trodynam! 
iffliate im 
young engineci 
uperb designe! 
with an uncanny grasp of the com 
mercial prospects for a medium-priced 
with some 


early produc tion goal wa ¢ ystem 


gencral-purpose computer 


elected large-price capabiliti 


DESIGN has been simplified by some neat printed circuitry— 
so says engineer Walt Costello to Neal Worthy. 


PRODUCTION of computers is now done on a line-flow basis 
in the long, air-conditioned, sound-proof plant area. 


CONTROL ENGINEERING 


rESTING the 40,800-digit magnetic drum memory are engi 
neers Larry Bowley, Bob Chartrand, and Jack Sorosky 


INSTALLED at Magnolia Petroleum Lab in Dallas is this hand 
some unit, with Research Physicist O. D. Ferris at the console. 





ON NEW YEAR’S DAY ALL EYES 


The predictions that reeled off certainly 


pel 
>1 25.000 


month and rage price 
thes« 

liately corralled by 
facilitic Gradually, 
ilue of the 
was recognized: two 
bought, then Allstate 
recently, Babcock & Wilcox 
1 unit for 
Voda 


duction i 


units we 
im military 1 
irch omm 
pioneer installation 
oil compani 

Insurance Co 
installed 
research on its equipment 
in the new brick plant p 

reckoned at thre« 


iverage sak 


system 
per month at an 
of $200.000. and 
backlog for twelve 
of the growing load, ground has al 
ready been broken for an 
plant of 40,000 sq ft, which will mor 
than double production capacity 
Why this phenomenal growth of 
FlectroData? Certainly one big reason 


price 
there is an ord 
systems. Because 


il yjac ent 


has been topnotch engineering and 
good timing. But the results also hint 
at uncommonly adept people at th 
helm. The young company 
will accept its very first profits thi 
ilthough it surely could 


business 


oming year 


STILL MORE IN THE DIGITAL 


Diverse Uses for the DTs 





It used to be that digits wer 


you 


imp! 
omething But—a 
the Datatron sports predictions above 
indicate—it necessary nowada 
to count on anything—the D' 
tal techniques) will do it for you. In 
just the past month these new applica 
tions for DT's have 
ture and 
PM. Low & 
in clectroni 
eed it 


ind 


counted on 
isn t 


(digi 


infiltrated our cu 
omme;»nce 

Co. ha 
computer 


come out with 
for 
tarting longitude and 
the bottom 
your position at an 
them at th 
how 

Administration 
Bendix 
flow 
huge ystem 


nautical 
chap 

latitude 
and it will predict 
time The 


peed ove! 


unit wowed 
recent New York boat 
> Bonn ville Power 

Portland, Ore., 
computer to relate 


now uses a 


tream and 


reservoir storage in the 


WERE ON THE TAPE 


impressed the press (see below). 


return before 
the dearth 
machine, if 


have cut for a 
thi 


f pe opl 


THICTS 
Further, recognizing 
ible to 
moncy to 


run it 
sct 
ilmost at 


excellent 
the start 
Some believe that this has pushed pu 
And 
the company has shown a flare 
promotion. Hardly a week ha 
the knowing where 
ElectroData — effort va 
had the 


pent up an 


training school 
hases ih id by 1S Tu h d i ycal 
finally 
ror gon 
by without 
the latest 
umed. Or who 
it Pasadena 
\ typically neat example of the 
promotional verve hit the na 
press the day before New Year's 
when its computer center came 
vith pre-calculated for all Bowl 

Results of contests out 
Datatron’s predictions to within a few 
points. Sportswriter 
quick to sens 


pre SS 


just youn d 


rcw 
om 
pan 
tion 
out 
CoTCS 
games bore 
however! WeTié 
1 challenge to thei 
traditional crystal-ball function and a 
critical din of sorts (much to Electro 
Data's delight) dotted the 
tions in early January 


port 


ROUND-UP 


to a 
transmission operation 

P how do they get thos 
for drugs (like sulfadenial)? 
it with a computer, that’s 
Pfizer & Co 
lects names for it 
from an IBM 702 computed list of 
42.000 that embrace all the 
dramatically unpronounceables possi 
ble. Some unused sample cliohacyn 
platuphyl, yvwuvit Wonder if the 

list digititu 


ociated power gencration and 


weird name 
hey de 
how. Cha 
caled that it s 


new 


has re 


The dic Ii 


word 


Magnetics Sub for Tubes 


Scheduled 
| 57 j 


for carly appearance in 
Remington Rand com 
puter that will use magnetic amplifies 
instead of tubes and sell in the $12 
500 Professor Presper Eckert 
o-inventor of the Univac 


i nev 


range 


ind inventor 


im the Ga 





There was ¢ 
tated with a cer 
he thie wes 


ved 


* data inve 


s “Datatron” 
but, In the 


fw 


. 
enstent 
‘ 

ile 


le showing, indee 

The machine 7 ¢ 

r bow v t sburr ' 
I b te te t 

up et-pror 

Bow! winners 1(« 


elled rat-race 


r bles 


* had ca 


e attempted use of an 
s to predict winners of 


tain air 
the first 


in sports 


re 
wake 
went 


and Vanderbilt 


n -~ 


his stepped 


ed the 


would 


i be no need 


ea ac 
ea 


dent 


the direction-f 


Happier When You Beon't Poreses Calamit 
How ‘ ¢ : 


' ory 
There it 
office cx 
ful + 
Rightma 


ong 


eh? We ) ago, whe 
shift gears 5 gt ns like doorbells? 


.. ESPECIALLY SPORTS 
EDITOR JIMMY POWERS 
New York Daily News column 


berated, then execrated the computer 


Billy, 
& car and 


whose 


unpliher clann 
curate} 
20 ce yg | 


1th (pM 
i 


form a 


il ration 
th in equi 


MIT Plans Computing Center 


An iumnport | 
nillion Kat 


; T 


iddition to the >4 
] ibora 
it MII 

1 bye ‘ nad most versatil 
data pro iter yet to be mad 
ition and 
hy t, hy 


Compt n 
1Ow ruction 


I 


ba if If 
mor 
than m™ ile th 
#f Dr. Ph 
Physi 


’ direction 
Mi. M Professor of 

ncipal tool at lech 

center will be IBM Type 704 to be 
installed by IBM, which will also 
tribute to th t of hance 


rh 


con 


ma 
operation 
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iy picked 
d brain 
complete 


y 


1 steppe 


s that 


1 have thought you'd drive 





Strain Gage Hefting 
Solves a Big Solution 





Pictured. is a imple but very effective way to 
control the make-up of solutions in large 
batches. The 10,000-gal tank is supported on 
in I-beam triangle, each corner of which rests 
on a Baldwin SR-4 load cell. Outputs from 
the three cells are transmitted to the electronic 
indicator, on the panel, which totals and 
directly reads the weight of tank contents in 
pounds. The gages respond to changes of less 
than 10 lb in 30,000-lb batches and repeatabil- 
itv is within 0.1 per cent. Th 

shown—a sugar-to-water make-up operation—is 
in the Betteravia, Calif., plant of the 
Sugar Div. of Consolidated Foods ¢ 
weight indicator is equipped with 
contacts that actuate the automat 
the sugar and water flow line 


tank. 


installation 





Union 


Vi ible 





CONTROL CONCLAVES 
Princeton, Dec. 29-30 


Neither nostalgia over Christmas 
turkey, nor anticipation of New Year's 
ham seemed to distract the 200 en 
gineers at this ACS Industrial and En 
gineering Chemistry Div, Symposium 
on Transient Chemical Process Be 
havior and Control. The = studious 
group—mainly chemical engineers out 
to assay the impact of dynamic anal 
sis on their field, and the advance 
guard process control regulars from 
ISA and ASME—was there for one 
thing: to hear a program that covered 
the influence of 
clement: 





process, measuring 
transmission links, control 
lers, and actuator dynamics on the 
design of automatic processes. 
he program covered its scope well. 

It started with a sermon by CtE’s 
Bill Vannah, who stressed the impor 
tance of cross-fertilization between 
the designers of processes and the de 
igners of control systems. Bill injected 
n interesting note by likening thi 
pioneer meeting on dynamic analysis 
to start-of-the-century Freudian con- 
claves that revealed the budding sci 
ence of psychoanalysis. The solid ma 
terial that followed covered 
P control dynamics of heat exchangers 

papers by W. C. Cohen and E, F 
Johnson, Princeton; J. M. Mozley, du 
Pont; Sidney Lees, MIT, and J. O 
Hfougen, Rensselaer; L. M. Zoss, 
N. W. Golling, and R. I. Edelman, 
l'avlor Instrument Cos 
P control dynamics of distillation 
papers by T. J. Williams, USAF Insti 
tute of ‘Technology; R. F. Jackson and 
R. L. Pigford, University of Delaware; 
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1). Kk. Berger and G. R. Short, Phillips 
Petroleum Co.; and A. Savitsky, 
| i Woodhull and \ P Weber, 
Ihe Perkin-Elmer Corp. The latter 
group of papers tressed practical 
methods for determining the right 
location for analysis instrument sam 
pling elements, 
> control dynamics of liquid flow--a 
paper by A. R. Catheron and B. D 
Hainsworth, The Foxboro Co. 
> dynamics of controllers—a paper b 
J. O. Hougen and Sidney Lees 
> mathematical tools for svstems anal 
is~papers by N. H. Ceaglske, Univer 
sity of Minnesota; R. G. Franks and 
C. W. Worley, Minneapolis-Hone\ 
well Regulator Co., Industrial Div 
and the paper on heat exchange pr 
sented by Mozley of du Pont 
> methods of determining 
by test—the impulse method, covered 
in the Lees-Hougen paper, and the 
frequency response methods described 
in many other papers 
Fine as the material wa 
1 noticeable gap: not enough examples 
of completely flexible systems strategy 
i.e., considering the physical arrange 


dynamics 


there was 


ment and design of the processing unit 
as adjustable as the measuring ele 
ments, controllers, and actuators. Onh 
the paper on an automat air heater 
bv the trio from Taylor took this ap 
proach. In it the authors demonstrated 
how the process design could have 
been changed to improve the dynamic 
performance of the complete system 
Prompted by our reporter's comment 
on the limitations imposed on system 
performance when the process is 
viewed as a “sacred cow” to be har 
controls, Bruce Powell, 
Research Corp advised 


nessed by 


Cahtormia 


that hi 
gen tracthionation 


organization dos 

column 

trollabilitvy by considering the 

of column diameter, plate/holdup and 
vapor flow rate 


| 
On GVynadlll 


New Haven, Dec. 27-28 





Another CtE editor forsook the 
holiday hearth to journey to 
deserted halls and nother 
pioneer facet of control. This time 
the site was Yale, where the fi 
ized assault on the implications of 


tudent 
explore 
t orgar 
jutomation”” by anthropologists wa 
taking plac Ihe sponsor was the 
Society for \pplied Anthropology and 
its avowed purpose was “to bring to 
gether a group of out tanding schola 
ind practitioners who will define and 
discuss the human problems of ac« 
erated technical change” 
Our man reports that thi 
is quite different from the “many 
m this subject. This on 
disarmingly practical—and it 
Ihe anthropologist 
ipproach to automation is thr 
case studies of individual plant 
tions. His interest is in the rea 
if the men (and women 
Hence, two extensive case ( 
ered the effect on individuals of con 
trol systems installed in a steel mill 
ind in a power plant Other papers 
dealt with the effect of computers on 
office personnel. All met with keen 


ind inaivt 


meetin 
past soirees 


vTrcew on vou r 


1udience question: il ap 

praisal by a round-table of the speak 

ers at the end of the sessions 
During the talks 

facts dropped like plums into our 

man’s notebook 

Pautomation may not ne 


ome unexpec ted 


essarils 
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1.5 Ampere 





VOLTAGE REGULATED 
POWER SUPPLIES 
for powering 


Model KR-18 


FEATURES 


@ Fast Recovery Time, Suit Power Requirements 105 
able for Square Wave Pulsed 25 volts, 3060 cycles 
Loading 


Terminations on rear of unit 
@ Voltage Range continuously 


| ithout Switchin 
variable w ou 4 Locking type voltage contro! 


. @ Either Positive or Negative AC, DC Switches, Fuses, and 
’ % may be Grounded Pilot Lights on Front Panel 
Model 


KR-18MC @ Oil Filled Condenser or Grey Hammertone 
@ Wwe Harne and Re 
Board Constructior juarantee One Year 


Build these compact Power Supplies into your equipment! 


KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 15 Amp. KR SERIES 
REGULATION: Less than 0.2 volts for line fluctuation from iad 
105-125 volts and less than 0.2 volts for load variation from KRIG 
0 to maximum current. KRI7 


KR16 | 
RIPPLE: Less than 3 my. rms. KRIg 108 


| 


| at * aay 

6.3V AC 0 Price 
$625 
i$ ly | $625 
| $695 
‘ | $695 

4 4 
To include 2 Current and Voltage Meters, Add M to Model The KEPCO KR SERIES in the above voltage ranges ore 


number (eg KR 16M) and Add $30.00 to the Price available in 600 Ma 300 Ma 125 Mo. series 
To include Dust Cover and Handles for Table Mounting, Add C to 
Model number (eg KRIG -C) and Add $10.00 to the Price 
To include Meters. Oust Cover and Handies, Add MC to Model 
number (eg KR-16 MC) and Add $40 00 to the Pric 


suas ohe. teste A LINE OF SO MODELS 


Available from Stock — Catalog on Request 


1KEPCO ey N-fe). 7-wge) sii 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. + INDEPENDENCE 1-7000 


sfc 
al 
0] 


VISIT OUR BOOTHS AT 1.8.6. SHOW — 2342-344 COMPUTER AVENUE 
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CLOSED CIRCUIT TV PIONEERS 


NOW... 
YOU CAN USE 
INDUSTRIAL TV 


* EXTEND YOUR VISION - 
KAY LAB’S small camera flashes images 
from remote points and dangerous opera- 
tions to a central location... 

VIEW: Production schedules, charts, blue- 
prints, gauges, meters, flames, smoke- 
stacks... 

OBSERVE; Gates, loading docks, storerooms, 
manufacturing operations . . . 


USE: For plant tours and training, time and 
motion studies. 

TRULY A “TELEVISION INTERCOM” 

KAY LAB TV IS UNEQUALLED 

for laboratory performance combined with 
rugged durability, simplicity, economy .. . 
our nationwide staff of field engineers has 
experience in hundreds of installations . . . 


Write or wire today for descriptive 
literature and demonstration 


tM ES. 


5725 KEARNEY VILLA ROAD 
SAN DIEGO 12, CALIFORNIA 
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WHAT’S NEW 


mean more maintenance jobs—th¢ 
steel mill required only 28 post-auto 
mation maimtcnance men as 
to the 78 previously on hand 
P control systems in the stecl mills 
were found to substitute tension and 
mental fatigue for the worker's simple 
physical fatigue (but this was probabl 
mainly due to lack of measuring and 
feedback techniques at these installa 
tions ) 
© while the workers generally enjoved 
their new “automated” jobs, they had 
feelings of insecurity due to Ik 
on the promotion ladder 
P the workers arc finding automa 
tion encourages unpopular shift-typ 
produc tion ( xp msive iutomate d Wa 
chinery must b« 
eration, Some 
operations for white collar jobs, too 
Far morc other confer 
ence we have noted, this Yale conclave 
pinpointed the human values of our 
technology and startling 
pictures of problems that can only 
grow more urgent with There 
was one tremendous shortcoming of 
the symposium, however 


opposed 


S runys 


kept in constant op 
shift 


observer pre dict 


than any 


drew sored 
tim 


there 
no control design engineers on hand 
to give a few insights into the thought 
behind their work, or to outline the 
possible technical repercussions that 
this work is bound to stir up. Control 
design men could have enlightened 
their listeners about other repercus 
sions, too—the human ones—and in 
this respect the symposium would 
probably have provided them with 
their verv first opportunity to air their 
Views 


wer 


CONCLAVES TO COME 
Princeton, March 26-28 





Still another meeting for 
control engincers will be the Second 
Annual ASME and AIEE Conferenc« 
on Automatic Control, co-sponsorec| 
by the IRD Div. and the Feedback 
Control Systems Committee of the 
two societies, respectively. This in 
itself makes it important. But the 
mecting’s theme gives it special dis 
tinction: the Problem of Nonlinearity 
iv Control. 

Looking at the program, it is ap 
parent that just about every top au 
thority on nonlinear behavior will 
be on hand. The meeting starts with 
a basic paper on nonlinear phenomena 
by Ludeke, University of Cincinnati, 
continues with an historical resumé 


pronce I 


of the development of nonlinear tech 
nology by T. J. Higgins, and then 
goes into 27 papers. Some samples: 
P Nonlinear Analog Study of a High 
Pressure Servomechanism, Shearer, 
MIT. 

> Basic Methods for Nonlinear Con 
trol System Analysis, Stout, Schlum 
berger Instrument Co 

> Optimum Nonlinear Control, Old 
enburger, Woodward Governor Co 

> How to Obtain Describing Fun 

tions for Nonlinear Feedback Systems 
Klotter, Stanford. 

Recognizing the significance of the 
conference and its subject, Conrrot 
I.NGINEERING is now in the midst of 
1 trio of articles on nonlinearity in 
control (see page 82 in this 
ind page 55 in the February issue 
Aimed at a tutorial level, we hope it 
has encouraged many of our readei 
to plan to take in thi 
Princeton conference 


issuc, 


import i} 


Newark, April 3 





ConTrrROL ENGINEERING, which usu 
illy confines itself to reports on na 
tional meetings in the field, feels that 
this forthcoming Annual Symposiuin 
by the Newark, N. J. section of ISA 
rates a special mention. This year the 
subject is Automatic Data Handling 
in the Process Industries and consists 
of six papers that cover the manag 
ment view, the details of specification, 
the client-contractor relationship, an 
engineering case study, an over-all 
philosophy for data handling, and a 
report from Canada on an advanced 
installation. Besides the excellent 
organization of these topics, the pro 
gram has this highly commendabk 
aspect: all the speakers are users of 
equipment. But it took a vender—Bill 
Archibald of Energy Control Co.—to 
line up the doings 


Dayton, May 14-16 





This vear the Eighth Annual Na 
tional Conference on Acronautical 
Flectronics will feature several “how 
to-do-it” type of papers that shoul 
be of especial interest to control en 
gineers. The conference is sponsored 
by the Dayton chapter of IRE in con 
junction with that Profes 
sional Group on Aeronautical and 
Navigational Electronics. It will be 
held at Dayton’s Biltmore Hotel 
Write for more information to P. O 
Box 621, Far Hills Branch, Dayton 9 
Ohio. 


society's 











Now in 
Production... 


and av ailable 
ediate 
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Reversible voltage-to-digital converter makes a complete, 


independent voltage-to-digital conversion every 22 microseconds 
or a complete digital-to-voltage conversion every 2 microseconds! 


Now EPSCO, Incorporated, the leader in precision high-speed 
data reduction has available, as a shelf item, the Model B 61 | 
Datrac Converter featuring ultra-high-speed and accuracy 
without manual calibration or adjustment of any type! 
Conservative design and total absence of mechanical 

switching assures reliable field operation. 


ALSO AVAILASLE: THE BINARY CODED DECIMAL 
MODEL B 613 DATRAC CONVERTER having voltage- 
to-digital conversion time of 26 microseconds; all 


other specifications remain the same. 


Send for your copy of ‘the 
detailed specifications and 


applications notes on the 
EPSCO EPSCO high-speed DATRAC 
INCORPORATED Series B Converters 


588 Commonwealth Ave., Boston 15, Mass. 
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FEATURES: 


Voltage-to-digital 
conversion time 


Digital-to-voltage 
conversion time 


Maximum full scale 
input voltage 


Minimum full scale 
input voltage 


Data code 


Accuracy full scale 
least significant 
Avni 
Calibratior Automatic to an internal 


tandard cell reference 


Data Code Output 


Forms i! pulse train 


Parallel semi -static 
nary valued volt 
ge lines 
' tive parallel -line 


gger pulses 


nches wide by 
nigh relay rack 
te 4150 avail 

cabinel as 
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New 


AUTOMATIC 


FLOW 


CONTROL for 
WATER 


ELECTROFLO 
VALVE 


If your problem 
concerns a speci- 
fied flow of fluid 
or time-fill, we 
suggest you de- 
sign Hays auto- 
matic flow con- 
trols into your 
equipment. Hays 
products are 

trouble-free 

and offer ab- 
solute internal 


water control. 
MESURFLO 


They are low cost, 
CONTROL 


and eliminate the 
need for such 
components as 
pressure regula- 
tors, filters, and 
other devices. 


on ~ 
oy, /*®. 


ol oF ~ ‘2 
\ 
, 4 


A direct action 
| solenoid valve for 


WRITE FOR 
TECHNICAL 
_ REFERENC E 


FOLDERS 


STRAITFLO 
STRAINER 


HAYS 


INDUSTRIAL 
SALES DIVISION 


HAYS 
MFG. CO. 


West 12th Street 
ERIE, PA. 
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| WHAT‘’S NEW 


U.S. Engineers Impressed by 
Soviet ‘Automation’ 


But Pravda Is Less Charitable 


In its Januar issue, page 6, CON 
rROL ENGINEERING described th 
blasé reaction of two visiting Russian 
engineers to U.S 
Shortly thereafter three 
can executive engineers* made the ex 
change visit to the U.S.S.R. for a tour 
of its facilitic lhe 
newspaper reports that trickled in from 
Moscow ncews bureau indi ited a 
totally different reaction by the Ameri 
can visitors to what they saw. By and 
large, they 


control automa 


Ameri 


tion’, 


“automated” 


vere qu ti ini pre 


A Computer Controversy 


One thing that struck the visitor 
vas the huge 100-ft-long digital com 
puter in the Institute for Precision 
Mechanics and Calculating T« 
ogy in Moscow. The unit 
“as being able to translate languag 
is using a photoprinter that record 
200 numbers a 


hnol 


iS re ported 


econd ind as 
taining special tubes in it 
vhich are capable of executing 1,023 
numbers or command 
one problem” 

Two days after this report, 
dashed out a “pooh poohing” 


con- 


memory 
related to any 


IBM 
release 
computer 
ymazed,” it said, 
(that) the newest Russian ‘el 
brain’ was considered a com- 
parable in speed to the best computers 
in the U.S.” Reportedly, iid the 
IBM release. the Soviet unit calculates 
it the rate of about 7,000 to 8,000 oper- 
itions per sec. Even “veteran” 701’s 
it said, can perform 14,000 calcula 
tions per sec, the new 704 will handl 
30.000 per sec, and the ear-old 
NORC averages 60,000 

A Controt ENGINEERING editor 
visited Dr. Hall in Detroit to get more 
pecifics on what had impressed him 
particularly in those phases of So 
viet “automation” that embrace meas 
feedback 
Some of his comments 
Pon theory: “The Russians are 
is far along as we are in this « 


for local editors. ““American 


expe rts were 
tron 
being 


iround 


urement and principle 


fully 
yuntry 


4. C. Hall 
Corp., Dr. W 


Research Direct 


Brandt, Engineer 
Westinghouse Corp 


p., and N. I 
Transn ion Div 


Bendix 
M inager 
Bean, Auto 


of Ford Motor Co 


ith ] ig 
uld catch up 
yeal Ee 
control a 
S.S.R 


mtrol ( { 


nonlinea 
overed il} I 
oe jit la hime 
lowing systems are well d 
vith electrical and hydrauli 
ery similar to ours. ‘They 
proximately the same hydrauli 
ur 1 W ¢ do.’ 

P more on computer Hal 
pressed with computer 

itr | layout On 
feature me 


levice con 


ntioned 

isting of 

which handled 900 numb 
including the ymbol 

ind de int location. The tape 
blown up 4 times for ea 

1 permanent recor he 


min 
correct math 
imal 
ding 
ind a men 
running the highly 
qualified 

Pon control 


idered the 


omputel cem 


equipment: he con 
instruments and electrical 
very good, in fact 


packaging excel 


lent”. He 
impl of nonlineat damping 
Dr. Hall was 
vith the 
ind the 
ystems 
ently 
patent 


also saw some ellent ex 
particularly impressed 
enthusiasm of the worker 
generous incentive 
that them on 
plant workers ar 
ind royalties for n¢ 
ind improvements they 
sponsibility for 


Feedback from Pravda 
The Russians 


ind bonu 
Appai 


issigned 


spul 


methods 


can claim re- 


themse] may not 
take as charitable view of their own 
progress in the control fi Id. On Dec 
15—during the actual visit of the 
American trio—Pravda came out with 
1 scathing editorial that accused the 
Ministry of Machinery and Instru- 
ments of failing to make enough in 
struments and controls for Soviet 
industry and research 
“The Ministry,” Pravda, 
learly underestimates the need for 
making the instruments and 
ipparatus which are the 
the introduction of autor 
doesn’t manufacture a ni 


trument and regulator 





= Highest Frequency 
Transistor... 


Commercially Available Today! ’ ; 


35 
ft e > "* 
_ & « 
©, 


; he 
Ot ‘ 
‘ 
Oe 


Balers di) {4y 


PHILCO S=BeFT (surtcce Barrier transistor) 


Available now! ... in quantity . . . Philco Surface FEATURES 


Barrier Transistors are opening entirely new fields for 








Lowest Power Consumption 


ot Hermetically Sealed Resistance-Welded Metal 
frequency units now in production! Commercial, indus- Case with Leads Sealed in Glass 


design engineers . . . are being incorporated in high 


trial and military thinking is swinging over fast .. . to Long Life and Reliability of Operation 

complete transistorization. Uniform Characteristics Insured by Controlled 
Processing and Complete Testing 

Extremely Low Collector Cut Off Current for Stable 
Operation 

Extremely Low Output Capacitance for Ease of 
of your forward looking plans — now. Neutralization 


Philco has gained a wealth of experience in the practical 
application of Surface Barrier Transistors, Put this ex- 


perience to work for you. Make the Philco S-B-T a part 


For complete technical information on the PHILCO SB Transistor 


write to: LANSDALE TUBE COMPANY 
A Division of PHILCO CORPORATION 


ANS i) 2 PENN 2 


PHILCO CORPORATION 
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COLMAN improves furnace control, 








heating elements 


Wheelco’s Model 407 Capaci- 

trol, with saturable core reactor, 

improves heat treat results and 

reduces equipment mainte- 
nance at Rockford Drop Forge Co., Rockford, Ill. Stepless, 
proportioning control of power input to an 80 kva Hevi-duty 
electric furnace gives even, straight-line heating, without lag or 
overshoot, for heat treating, annealing, and carburizing oper- 
ations. 


Forging hammer dies are hardened to saturation at 1850° F 
with improved results over the on-off control formerly used 
Uniform hardening possible with Wheelco control has elimi 
nated cracking and splitting when dies are oil quenched after 
heating. An added benefit of proportioning control is elimina- 
tion of contactor troubles caused by on-off cycling. Also, satur- 
able core reactor control will not permit the furnace to ov. :shoot 
its control point, a major cause of damage to heating elements 


Perhaps your problems of electric furnace control can be solved 
by this remarkable new instrument. Call your Wheelco field 
engineer to get the benefit of Wheelco’s long experience in con- 
trol of heat processing equipment. 

WHEELCO INSTRUMENTS DIVISION 
Barber-Colman Company 
Dept. C, 1548 Rock Street, Rockford, IIlinois 
BARBER-COLMAN OF CANADA, LTD., Dept. B, Toronto and Montreal, Canoda 
Industrial Instruments » Automatic Controls « Air Distribution Products 


Aircraft Controls « Small Motors « Overdoors and Operators . Molded 
Vroducts « Metal Cutting Tools .« Machine Tools «. Textile Machinery 


aR NTL aN 
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Model 407 Capacitrol © 


lengthens service life of 


WHAT’S NEW 


for measuring and controlling nou 
electric volume: 

“We are not producing instrument 
for measuring large discharges of liq 
uids and gases, high temperatures and 
pressure devices for mea uring great 
tresses in the testing of machin 
ind ~—— reinforced-concrete tructural 
parts, electronic equipment for pri 
portional and other types of advanced 
control, and ultrasonic and electromag 
netic flowmeters. 

“Many obsolete instruments and 
controls are being made. For exampk 
our pneumatic regulators and mercut 
flowmeters are no better than the 
devices turned out by the foreign com 
panies in the early 1940 

“We visited one of the design bu 
reaus where electronic computers ar 
being developed. Real enthusiasts 
are determining the technological 
levels of the future work there 

“But under what conditions the 
work! They have small, uncomfert 
ible quarters in which it is difficult t 
turn around, poorly-equipped labora 
tories, and inadequate uppli¢ of 
necessary materials. There are insuff 
cient funds and personnel to develop 
) number of major project: 


Wind from the Sails 


We'll never cease to marvel at the 
Russians. Just as they were extending 
themselves to impress American visi 
tors with a carefully set-up “automa 
tion” tour, their own Pravda knocked 
the wind from their sails with its 
biting criticism. And the source of 
the criticism could well have been 
those recent visitors to America whose 
tour of our facilities, though “desul 
tory”, apparently gave them many 
things to think about 


Ramo-Wooldridge Producing 
3-Volume Control Handbook 


Now in the works under the tripk 
editorship of Simon Ramo, Dean 
Wooldridge, and Gene Grablh« } a 
three-volume handbook on Automa- 
tion, Computation and Control. Vol 
ume | will deal with Mathematics and 
Feedback Control; Volume 2 with 
Computation and Data Processing 
Volume 3 with Control Systems and 
Components. Leading authorities in 
each of these areas are contributing 
to the project. It will be published by 
John Wiley & Sons, Inc 

Gene Grabbe has forwarded Con- 
rROL ENGINEERING a breakdown of 





THE HEART OF THE HOMING SYSTEM 


‘Doelcam_— 
Master-precision Gyroscopes 


DOELCAM Master precision: Gyroscopes and Gyro Stable Platforms are st andard 
equipment in many of today’s missile and aircré ift stabilization and guidance systems. 
Shown here are three standard models Specialized versions of these models or 
completely new designs can be produced in quantity to suit your requirements 
exactly. Avail yourself of the same engineering know-how that has successfully 
designed gyros for the LARK, METI OR, rAl OS, RASCAL, BOMARC and 
LACROSSE Missiles and the same production team that has made DOELCAM the 
largest single producer of gyros for the bombing and navigational computer used 
in the B-36, B-47 and B-52. We invite your inquiry 








Cageable Free Gyroscopes, Type CFG-P (Poten 
tiometer Pickoff) and Type CrG-S (Sync! 
Pickoff) for guided missile instrumentatior 
control systems. These gyros measure at 
deflection about either one or both gim! 
Ihe rugged simplicity of the caging mechanism 
and the rail-type mounting enable these gyros to 
withstand severe shock and vibrati Weight 
— Sim ibs. Size 51%55”" long x 4° diameter 
(exclusive of mounting flange). Drift-—less than 
%° per minute, Remote caging and uncaging 
Write for Bulletin CFG.34 


Rate Measuring Gyroscopes, Type K for guided 
missile control and homing systems and flight 
evaluation of military aircraft. These models 
measure absolute angular rates where high accu- 
racy and superior dynamic response are essential. 
Linear output signal proportional to input rate 
within 0.25% of full ile. Withstand 100G 
shock in any plane and 15G vibration up to 
2000 cps. Weight—3% Ibs. Size—5%” long x 
3.20” diameter. Write for Bulletin KG.94 





IRE Show 
Booth 366 











Rate Measuring Gyroscopes, Type JR for tactical 
weapon systems requiring less than one minute 
Dp warmup. Incorporate damping compensator for 
oelcam 9 constant damping ratio without heater. Linear 
SOLDIERS FIELD ROA output signal proportional to input rate within 


A DIVISION OF MINNEAPOLIS-HONEYWELL nostro | BOSTON 35, MASS, 0.25%. Withstand 50G shock, 15G vibration 


up to 2000 cps Angular Momentum — 10# 
Instruments for Measurement and Control gm.-cm.*/sec. Size 3%” long x 2.0" diameter, 


Synchros * Gyros + Amplifiers + Microsyns « Servo Motors Write for Bulletin 1G 








Control 
unit 


eee eee eee 
ELECTRO 

PRODUCTS 
LABORATORIES 


Electro " 


4501-C Ravenswood, Chicago 40, Ii! 


LOngbeach 1-1707 


Name 


Address 


City Zone__State 


604 Canada; Atlas Radio Ltd., Toronto 
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| WHAT’S NEW 


specific topics that will be covered in 
each of the handbook volumes—and 
they are impressive. Volume 1, for 
example, will include Information 
Theory, Smoothing and Filtering, and 
Data Transmission. Volume 2 will 
cover analog computers and analog- 
digital hybrids. And Volume 3 will 
deal with such complex systems as 
navigation fire control, and nuclear 
and digital control of machines. ‘The 
study will also close in on advanced 
hardware, including gyros, continuous 
analyzers, magnetic and 
semiconductors. 


amplifiers, 


important Moves 
by Key People 


P When Hydro-Aire, Inc., came over 
to National Aircraft Corp. as a divi 
sion, a bonus for NAC went along 
in the deal. ‘The bonus: Dr. Hans 
E. Hollmann, Hydro-Aire’s research 
scientist. Now NAC has appointed 
Hollmann director of research for its 
Marvelco Electronics Div., which will 
set about adding personnel for r 
search into advanced techniques and 
circuitry in the application of transis 
tors and other semiconductors. Holl 
mann inaugurated Germany's micro 
wave program more than 25 years ago, 
when he developed the first microwave 
link. In 1936 he published the first 
encyclopedia on microwaves, the only 
forerunner of MIT’s radiation series, 


. A. Chaffee 


.. F. Oldenburg 


and in 1947 fled to the U. S. unde 
government sponsorship. From that 
year until he joined Hydro-Aire in 
1954, Hollmann conducted the one 

man research science department at 
the Naval Air Missile Test Center in 
Point Mugu, Calif. Hi iuthor of 
more than 100 technical papers and 
holder of more than 300 patents 

> Asa H. Myles’ appointment as chief 
engineer of Electric Controller & 
Mtg. Co. comes hara on EC&M’s in 
corporation into the Square D Co 
Myles, who SO Oli) 
his company’s operating 

has been with EC&M sinc 
was named assistant chief in 1943 

P bairchild Camera & Instrument 
Corp. has brought in Milton A. Chaf 
fee to steer an electronics and 


as a division 
ommitt 


1930. Hi 


tem 
research program designed to spur pro 
duction of electronic defens« 
mercial products. Chaffee, formerl; 
director of systems at the Air Forc 
Research Center, Cambridge, Mas 

was the man who installed the radar 
system for the Berlin airlift. Durin; 
World War II he did radiation work 
at MIT and in Malverne, England 
Caserta, Italy, and Paris; during th 
Korean war he was chief civilian sci 
entist for the Far Eastern Air Force 
and between wars he was supervisor of 
field service for Airborne Instrument 
Laboratories and developm« nt plan 
ning officer and a specialist on tactical 
wartare for the Air Force. 

> Henry W. Patton, Airpax Product 


ind com 


H. W. Patton 


P. G. Yeannakis 





ASUO 
one source for the 
most complete line of 


SOLENOID VALVES 


When you discuss solenoid requirements with an 
ASCO Engineer, you are benefiting from the design and 
development experience of half a century. The ASCO special 
ist can recommend the right valve for your needs because 
that leadership has resulted in the more than 1300 types of 
solenoid valves now available 


valve 


Two way valves in pipe sizes from 
temperatures to 600° F 


le” to 6” — for 
for pressures to 1500 p.s.i 


Three way valves in pipe sizes from 1 
temperatures to 450° I for 


to 6” for 
pressures to 1000 p.s.i 


Four way valves in pipe sizes from 4” 
temperatures to 212° F. — for 
poppet or slide type 


to 144” —for 
pressures to 500 p.s.i 


And ASCO can supply you with standard, explosion-proof 
or water tight enclosures—Class A and Class H coils —a wide 
range of body materials including cast iron, brass, bronz« 
and stainless steel 


There's one source that solves virtually any solenoid valve 
problem—ASCO. Why not have the ASCO Engineer call—or 


write for your copy of ASCO Solenoid Valve Catalog No. 24 


CORROSION RESISTANT 


& % 


Compact Seuntere | type 
pecial B 


rs 


Cylinder operated many 
body materiais 
t 


iCylinger operated Saunders body Three way 
Bulletin 8336 , 
4 ‘+ 


PILOT CON TROL ip 


t @ 


a... om a my soos 
, 


SPECIAL PURPOSE 


i 
Cylinder operated, sanitary | Pressure operated, manual reset | Bulk loading siectrical interiocs 
Bulletin 6337 Bulletin 8036 i Bulletin 8023 Bulletin 83 


MANUAL RESET 


‘ 


free handle safety shut off 


. ’ a4 Y 5 


Midget genera! purpose 


ul * off 
Electrically tripped Satety shut 
t et 


ne voltage release 
Guile 


‘ 
é 
Low pressure Gene: ai purpose 


fuel of and gas tiplesien proof 
f Bute 4269 


THREE 


/ 


FP mma 
—w “Ss 


Pitot control of daphy agm 
o cylinder 


Midget genera! purpose 
4 . 6414 


= ee Faker 


Single solenad 


Midget genera purpose 


ASUO 


Solenoid Valves 


Cram valve washing mactine / 
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WHAT’S NEW 


Co.'s new Engineering Dept. project 
leader, is a noted speaker and an in 
ventor (he holds 15 patent Hi 
talk at the IRE. National Convention 
this year, on application of magnetic 
amplifiers to industrial controls, will 
be his second before that body; he'll 
also address the AIFF. winter general 
meeting in New York City. Befor 
| joining Airpax, Patton was with Col 
lins Radio Co. and ‘The Baldwin Piano 
| Co 
| P'I'wo new assistant chief engineer 
Your Phillips man is a “‘look-who’s- | head up Clary Corp.’s development 
ee aa ee | programs in electronic and data prot 
1ere-again’’ guy when a new relay 
/ , essing cquipment and in business ma 
is on test. That’s the Phillips Plan chines. ‘They are: Kenneth F. Olden- 
burg, who remains in charge of th 
data-processing laboratory, and Mil- 
skill* and personal service worth ton Scozzafava, who continues to di 
rect the Business Machine Dept. Scoz 
so much to a busy engineer, If zafava did some of the work on the 
first Clary adding machine in 1946 
Both men will report to Chief Engi 
we have the special service. Write neer Robert E. Boyden. 
© Principals in a series of appoint 
ments by Infra Electronics Corp. are 
Phillips. P. G. Yeannakis, who will take charg 
of all production facilities; Clint Hon- 
neywell, who will direct development 
*FOR EXAMPLE: of production engineering method 
Phillips Engineered Relays and Samuel C. Lapidge, who will stc¢ 
; the Engineering Dept.’s synchro de 
velopment group. Yeannakis and La 
collection equipment pidge were with Bendix Aviation, 
Honneywell with Servo-Tek Products 


Co. 
turnpikes, P'laylor 


-~a combination of engineering 


you have a special relay problem, 
) 


us, or call your local man from 


are used in automatic toll 


on today’s modern 


Instrument Co.’s_ general 
sales manager, Frank S. Ward, has 
been elected a director of the com 
pany and a member of its executive 
committee. Other new members of 
TYPE 60A — Mullti-con- the committee are Marc E. Porter, 
tact relay, sensitive, » : 
intermediate size, O.D. assistant treasurer, and Karl H. Hub- 
1 1" 
set = 10 Ww bard, technical director 
PW. V. Neisius fills the top post in 
J. B. Rea Co.’s new Computing Appli 
cations Dept. Neisius, as director, will 
20549 TYPE 8 — Plug-in oversee his department’s work in ana 
enclosed relay, multi- 
contact, with twin con: lyzing and studying the application 
hy , 
— hw pte + ay J of a large variety of problems to Rea 
tion, available with taper . ute > wa 1 t} 
je OD aie ateew, Readix computer. He on the 
mathematics faculty of Georgia Tech 
for 10 years 
P }'ansteel Metallurgical Corp. has 


merged several design, development 





TYPE 20A Multi-con- 1 lal 
tact relay; highly sensi- } ane aboratory cngincernng function 


tive, adap morg into a Centralized Engineering Dept. 
Ww ——— and has put Ralph W. Rawson at ‘ 
| helm. Rawson, who joins the com 

pany as chief engineer, was director 
| of industrial planning for the Bureau 
| of Aeronautics at Wright-Patterson 
AFB, Dayton, Ohio 


| ® When Robert L. Morgan stepped up 
to vice-president for engineering of 


PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 
A Thor Corporation Subsidiary 

SALES OFFICES: NEW YORK - PHILADELPHIA - BUFFALO - SAN FRANCISCO - DENVER 

BANTA MONICA - ATLANTA - DETROIT - CLEVELAND . DALLAS - SEATTLE 





MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS . ACTUATORS 

















NEW PNEUTRONIC* brings speed and 
simplicity to Pneumatic Control 


WHAT’S NEW 


Neely Enterprises, Robert H. Brunner 
succeeded him as sales manager. Mor 
gan joined Neely shortly after World 
War II, Brunner in 1952. 
> William G. Newton wil! supervis: 
industrial and methods engineering 
for the Beckman Div. of Beckman In 
struments, Inc., as the division’s new 
chief industrial engineer. He was with 
General Aniline & Film Corp. 
> In charge of the new Contracts Di 
of American Bosch Arma Corp.’ 
Arma Div., as its vice-president, 1 
John J. Giba, formerly assistant chief 
engineer. He joined Arma in 1932 
taking over the Project Engineering 
Dept. in 1946. His division consol 
dates the company’s busine office 
and Sales Dis 
> Arthur L. Wade has been named 
manager of Bailey Meter Co.’s Patent 
Dept. 
> Link Aviation, Inc., has created a 
new position, director of advanced 
planning, and filled it with George 
Friedl, Jr., formerly vice-president for 
manufacturing. Other Link appoint 
ments: William W. Wood, Jr., for 
merly vice-president for enginecring 
The new Fielden PNEUTRONIC Control now provides propor- to V-P for manufacturing; John M. 
tioning pneumatic control without the disadvantages of mechan- Hunt, formerly head of the Research 
ical systems. Pneutronic integrates electronic and pneumatic units and Development Depts., to manager 
in a null-balance system for simple dependable level control. of the Engineering Div.; and Monson 


Electronically, the PNEUTRONIC features the versatile elec- yg bey og at R&D 
trical capacitance method of measurement. As a result, it can be vw aay + " = a = e mater 
used with a simply-designed probe to detect minute changes in . “re omg 4 7a As . <% Pi 

the level of any liquid, powder, or granular solid—conducting or — ” ne ms gee —., 
non-conducting. The resulting change in capacitance changes . ca iat eer: 4 — oe ae com 
output air pressure directly, and this output air then feeds back putes leporstory snc professor of 


to balance the electronic circuit directly. Saar tentuar's Seearen va 


Send the coupon today for more ideas on how Fielden Simplified the use of a new computer acquired 
Instrumentation can solve your problems. jointly by SRI and Stanford Univer 


sity. 





© Null-Balance System © No moving partsin vessel > Dr. Rudolfo Quarenghi is returning 
PNEUTRONIC © Cilesie edistte to Officine Nuovo Reggiane in Reggio 
FEATURES © Controls water level up to Emilia, Italy, to supervise engineer 
© Control pressure 3 to 1%” span, hydrocarbons 7 . 
15 psi op 8” ing and production of equipment 
manufactured under a_ Richardson 
"trademark Scale Co. license. He'll be in charge 
f of weighing, materials handling, and 
ens 5 OW automatic proportioning machinery 
® earmarked for European process in 
dustries. His appointment follows a 
FIELDEN INSTRUMENT DIVISION three-month training period at the 
(Dept. $) 2920 N. 4th St., Philadelphia 33, Pa. Richardson plant in Clifton, N. J 
Sineee sats cain tanita badialinn > The new general manager of Baird 
["] PNEUTRONIC Level Control [1] TELSTOR Continvous Level Indicator Associates, Inc., Dr. Bruce H. Billings, 
{-] TEKTOR Capacitance Level Control (_] TEKTOLOG Recorder-Controller will continue as director of research 


[] Fielden RF Capacitance Null-Balance Recorder He has also been elected a director of 
the company. 


eS enh, Sea fi a a Ee > New additions to Consolidated Elec- 
trodynamics Corp.’s Systems Div. we 
Samuel Gilman, technical assistant 
city STATE ie ? to the director, and Sidney Hatchl, 

project chicf. Gilman, who will b 
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Panalog Information Systems 
guide management in raising 
plant output and profit 


Panalog 605 Information System supplies management control 
information. Now, operating personnel and management can receive 
organized digital information on any process, instantly and continu- 
ously, Information can be presented in a variety of forms for im 
mediate control action as well as for engineering and accounting 
analysis. A typical presentation method employs an electric type- 
writer and patented log chart. Readout can also be made on punched 
or magnetic tape, punched cards, or can be fed directiy to computers. 


Periodically logs and continuously scans. A precision servo measur- 
ing system quantizes process variables during automatic, periodic 
logging. A high-speed electronic measuring system detects off-normal 
conditions during continuous scanning of all variables. Normal and 
return-to-normal values are printed in black—off-normals in red. A 
complete log of all variables as well as a summary of off-normals can 
be made at any time. 


Completely flexible and expandable. Panalog components are stan 
dardized, packaged modules. The system can be easily expanded or 
modified in the field. The Panalog 605 is sufficiently flexible to supply 
digital information for any management requirement. 


Write for literature. Literature presenting a comprehensive treatment 
of the Panalog 605 is available. If you wish, a Panellit representative 
in your area will be happy to discuss the possibilities that a Panalog 
Information System offers your company 


Full scale, adjustable, high and low off-norma onged aleae P sped 1 j 
limits are provided for each input variable on chart udw ial alarmea 
Basic system capacity, 200 points with one ele ection of off-m P When 
tri typewriter can be expanded. Accurac normat fifie 
5”, of full seale range. Logging speed separate 
approximately one line per minute. Scanning values as well aa ; 
speed, five points per second, between logs matically compute 


essing unit 
compan de 
anning, off 
n t and printed in 
lalized a [ averaned 
can be aut 


the system 





a : 

Pa tk, 

| ~ 

i ae PANELLIT, INC. 


Graphic Panels Panalarm Instrument 7461 N. Hamlin Ave., Skokie, til 
Control Centers Annuniators Services Division Panellit of Canada ttd., Terente 14 
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MODERN 


ELECTRONIC 
ENGINEERING 


GIVES 
PRECISE 


SERVOSPEED 
MOTOR CONTROLS 


DIGITAL CONTROL 
ANALOG CONTROL 
SYNCHRONIZING 
SEQUENCE CONTROL 
VARIABLE SPEED 


Write or call for 
further data 


Se DIV. ef aaa DEVICES ine 


4 Godwin Ave., Paterson,N. J 
ARmory 4-8989 
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special consultant on clectronic data College, to its battery of consultant 

processing systems, has been with ® These men have joined the engineer 
Curtiss-Wright Corp., Westinghouse ing staff of Gulton Mfg. Corp. (for 
Electric Corp., American Machine & mer companies in parenthes Leon- 
Foundry Co., Boonton Radio ¢ orp ard Weiss (Westinghouse Electri 
and General Precision Laboratori¢ Corp., Sabin Metal Corp.); Joseph E. 
Hatch] was with Electro-Technical  Sidoti Svivania__ Electri Walter 
Laboratorie: Kidde, Freed Radio); and Walter P. 
© Berkeley Div. of Beckman Instru Miller (Western Electric Co Physi 
ments, Inc., has added David C. Kalb- cists Daniel S$. Schwartz and Richard 
fell, president of Kalbfell Electronix J. Wiack have joined Glenco Corp 
and an instructor at San Diego State ind Vibro-Ceramics Cs 
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rh pet 
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(3) WATERS EXPANDS 


DRAWING BOARD VIEWS 

(1) SPINCO—This $500,000 medical research and development nter in 
Standard Industrial Park, Calif., will house every department of the Beckman 
division but manufacturing. Its 30,000 sq ft are designed to expand into 100,- 
OUOU 
(2) T. J. COPE—This new Collegeville, Pa., home for Cope and its Instrof 
Div. will double production space, and, it’s hoped, output. The move from 
Philadelphia will be made in April 

WATERS MIF'G.—The company was s heduled to expand into this 10,000 
sq-ft building in Wayland, Mass., last month. It's built to “give” for further 
growth. 





READY 


FOR 


OUTER SPACE... 


dreams and theory into clectronice 


circuits capable of directing missiles 


The missile that can fly right out of 
this world is no longer years away. 

AC is working now with top 
scientists and engineers, translating 


to the outer reaches of space. 


AC stands in the very front lines of progress with an 
enviable record of outstanding successes in electro- 


mechanical research, engineering and production, 


AC is ready now — not tomorrow, but today! 


THE ELECTRONICS DIVISION (59: GENERAL MOTORS 
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DC Motors 1200 Frame 


IMC’s 1200 frame, permanent-magnet DC 
motor, shown here in one of its many ap- 
plications, typifies the diversity and utility 
of the company’s entire line of AC, DC, sub- 
fractional, servo and gear motors, fans and 
blowers. Although developed to meet rugged 
performance requirements of airborne in- 
strumentation, the 1200 is ready for any job 
where reliability, compactness and long life 
are important considerations. IMC offers a | 
number of similar units — each an all-| 
purpose component in itself. | 


Just recently IMC set up a new department | 
to conduct research and development pro- | 
grams on dynamotors. This new activity will 
supplement the company's other work on. 
DC motors, generators and inverters. 


The company's outstanding engineering staff | 
and its extensive plant facilities are avail- | 
able to work on any phase of a motor pro- | 
gram ... be it design, development or manu- | 
facture. Let us tackle and solve your sub- | 
fractional horsepower motor problems. 


Induction Motors Corp. 
570 Main $t., Westbury, L.1.,N. Y. © Phone EDgewood 4-7070 


eae 


Visit our booth at the IRE show 
736 Airborne Avenue 


CONTROL 


ENGINEERING 


WHAT‘’S NEW 


tively, associated companies of Gulton 
Industries, Inc. 

P ‘the National Bureau of Standard 
has taken on four new staff members 
and two post-doctoral research asso 
ciates. ‘The names of the first four 
and their respective sections are: Dr. 
Harmon H. Plumb, cyrogenic physi 

laboratory; William Pearlman, nu 
cleonic instrumentation; Lawrence 
Fleming, mechanical instruments, Me 
chanical Div.; and Seymour Henig, 
electronic instrumentation The two 
research associates are Drs. R. J. Pro- 
sen and Morris Krauss. 


U.S. Unlocks Door to AT&T 
Patents, Forces IBM to Sell 
WASHINGTON, Jan. 25—Yesterday 


in what the government called the 
“largest and one of the most impor 
tant patent-freeing actions on record”, 
American Telephone & ‘Telegraph 
Co.'s 8,600 patents went into publi 
domain. Today, the government shook 
loose IBM’s landlord grip on its cal 
culating machines and other electroni 
devices. Both developments reflect a 
charitable attitude on the part of the 
government, but their design was 
rather poorly expressed as part of “‘a 
program to open up the electronic: 
field’’. 

What It Means to AT&T 

The settlement of a government 
anti-trust suit against AT&T’) mean 
that the company must release patent 
on such things as the transistor, the 
solar battery, and its own color tele 
vision system. It also means that 
AT&T’s Western Electric Co. must 
sell its subsidiary, Westrix Corp., and 
that the parent company cannot r 
ceive patent royalties from Western 
Electric in connection with sales to 
companies in the Bell Telephone sys 
tem 

. and to IBM. 

The significance of IBM’s consent 
to a similar decree is also manifold: 
the company no longer can collect, 
for example, $35,000 a month on 
every Type 704 computer that it 
rented to business and industry. In 
stead, any firm that can afford the $1 
million-to-$14 million price of the 
computer has the option to buy it 
outright. The consent covers every- 
thing from these giant calculators 
down to manual punchers, and put: 
IBM on notice to release for licensing 
all pertaining patents 

IBM, however, may have forestalled 





NEW TRANSMITTING 
POTENTIOMETER 


OFFERS | BIG FEATURES 


Extreme sensitivity. Responds to input change of The extreme sensitivity of the new Potentiometer, 


3 microvolts or less. plus the high resolution and response speed of 


. los » 4 - ( . Contro n nak 
Self-contained continuous voltage reference. No the ‘American-Microsen ystem, make 
standard cells it po ible to control proce pe rature with 


the high accuracy required by present-day pro- 
No batteries or periodic standardization. Continuous 


duction demand 
accuracy without drift. 


Simple circuitry. Only 2 single triode tubes. The 0.5 to 5.0 ma. signal output can be tran 

mitted 30 miles or more, ove a single 2-wire 
circuit. In addition to ‘American-Microsen’ re- 
ceiver, the signal will operate standard d-c milli- 
No slide wires or choppers. Trouble-free operation. ammeter indicat 


avo! and recorde 


Interchangeable range card, Ranges easily changed 
in the field. 


Fast response: 0.04 second time-constant for 
1000° F. span. OPERATING SPECIFICATIONS 


Spans: 6 to 50 millivolts d« 
The Series 184 Transmitting Potentiometer is the Suppression: Up to 5 times spa 
latest addition to the ‘American-Microsen’ S\ Output Signal: 0.5 to 5.0 ma 
tem of Electronic Transmission and Proce Con Sensitivity: 0.003 n 
trol. With thi new unit, it ! now po ible to Repeatability: 0.02 mi 
measure and control thermocouple temperature input Source Impedance: 200 ohms 
i 1000 « 
or the signals from such devices as pH amplifie: Sraative Lape? Unpesense ‘ 
Output Lood Impedance: 3000 of 
gas analyzers, resistance thermometer element 
Speed of Response: 0.8 seconds 


speed increases with spor 


and other electrical systen 


Bulletin MTT810 


MANNING, MAXWELL & MOORE, INC. 


(MAXWELL INDUSTRIAL CONTROLS DIVISION, STRATFORD, CONNECTICUT 


fy MAKERS OF THE ‘AMERICAN-MICROSEN’ TRANSMISSION AND PROCESS CONTROL 
M MICROSEN’ ELECTRO-PNEUMATIC TRANSDUCERS AND ELECTRO-HYDRAULIC CONTROL 
_taave wana) 


SYSTEM AMERICAN 
VALVE OPERATORS 


MANNING 
wi IYOOW 9 
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he ea | 

Telephone | an attack by Sperry Rand Corp., which 
Relays has charged it with trying to sew up 


the tabulator field. Sperry Rand could 


Midget | have used the government complaint 
Relays | as evidence in its $90 million suit, but 
IBM's consent puts the complaint out 
Keying of bounds. 
Relays 
Rotary All Around the 
Relays " 
Business Loop 
ee Ihe word in the control industry 
ys ; during the past few weeks seemed to 
, be “acquisition”. The word, and the 
Sensitive activity that went with it, were reason 
Relays enough to spray these acquisitions with 
the top-of-the-news spotlight ordi 


Latchin 
) narily reserved exclusively for intra 
Relays 


Your immediate needs for one or more company developments. ‘These too 
Stepping relays of any kind are shipped from our greatly of course, prov ided their usual candid 
enlarged stock which includes hundreds of types glimpses into what's going on in th 
in all popular contact arrangements and held, and since just five will be re 
coil ratings. ported this month, it might be well 
Complete stocks of current standard types to cover them before going on 
of leading manufacturers are maintained for > Guided missile fever (see February's 
your convenience. What's New) continues to spread 
All relays are new, inspected and One of the latest companies to join 
unconditionally guaranteed to be as represented. the torrent, Allen B. Du Mont Lab- 
24 hour delivery is routine. Phone us. oratories, Inc., is also one of the big 
gest. Du Mont plans to channel all 
design and development work in mis 
siles into its new Missiles Engineer- 
Distributors For ing Dept., which for the pr as will 


ADVANCE ELECTRIC & RELAY CO. split activities between the main office 
in Clifton, N. J., and brand new facili 


All standard distributor types of Advance ties in Los Angeles. Laboratories in 

Relays are on hand in quantity. Save precious both cities have been executing stud) 

time — order from Relay Sales! ind design contracts with the Navy 
Bureau of Aeronautics and othe 
groups, and consulting on subcontracts 
for missile builders. 
P Leeds & Northrup Co. will build 
the entire control system for the 
1,000-kw pool-type nuclear reactor 
designated by the AEC for the Univer 
sity of California. Prime contractor 1 
Foster Wheeler Corp. ‘The reactor 
is scheduled to start operating at 
Livermore Research Laboratory, Live: 

MORE THAN A MILLION more, Calif., next December 

Write for DEPENDABLE RELAYS IN STOCK > When Philco Corp. and Sprague 

Products of the following well-known Electric Co. establish a joint idea fil 
manufacturers are represented: Advance, Allied, for Philco’s surface barrier transistor 
fi: ay Automatic Electric, Clare, Cutler Hammer, there may be more to the results than 
A 


Relays 


Delay 
Relays 


Timers 
Contactors 


Motor Starting 
Relays 


Differential 
Relays 


Polarized 
Relays 


1 y G.E., Guardian, Leach, Philtrol, Potter Brumfield, emergence of another manufacturer 
ate Price Bros., RBM, Sigma, Struthers Dunn, of the tiny computer component 
Terado, Western Electric and many others. Under an agreement licensing Sprague 
Write, wire or phone for immediate quotations. to produce the transistor, the com 
panies will exchange research, devel 
opment, production, and testing data 


on every phase of the semiconducto 
¢-7 RELAY SALES field. ovens took on the oom line 


P.O. Box 186 Route 64 at E.J. & E. R.R. just as it tooled up for manufactur 
West Chicago, Illinois of its own germanium fused-junction 


Phone West Chicago 1100 
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—-PIBBON 


New Micro-Ribbons are the first miniature 
connectors to provide reduction in size with 
increase in reliability. Utilizing an improved ‘ribben' 
contact, Micro-Ribbons provide easy insertion and 
> extraction even in blind entrance locations. Both 
mating contacts are self-wiping, self-cleaning, 
active, flexing members— provide double contact 
action at all times. Send card for Catalog R2! 















Ameriwan Phenolic Corporation, Chicago 50, Illinois 


send me R-2 catalog which incluce t mplete 
listing of available MICRO-RIBBON CONNECTOR 
send new He rmett #ai brochure 
I would like 
your periodica 
I am receiving 


N ame 


Title 


a ( ompany 


Address 


City 








<<< << 
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AN CONNECTORS 


CKEKKKXESS SSS 


165 SERIES CONNECTORS RF CABLE 

AMPHENOL AN connectors are the ‘workhorses’ of electronics, providing dependable Teflon and polyethylene RG-/U co 
service in literally thousands of applications. From the basic AN design have evolved axial cables, miniature and Aljak 
AN connectors for potting (pioneered by AMPHENOL) and the 165 Series of Minia- cables —send for Catalog W1, a com 
ture AN-type connectors, also available in potting and pressurized constructions. plete and informative catalog and 
ANs, 165 Series and all AMPHENOL electrival Connectors are listed in Catalog A4. manual, listing all AMPHENOL cables. 


HERMETIC SEAL PRODUCTS The AMPHENOL product line is comprised of thousands of electronic 


e » sy Ss £ r are J a j » ‘ ic oauct TOL s CS. 
Brand new Headers join AN-type components—many are included in the major product groups illu 
receptacles in the Hermetic Seal 


trated. Not described are Cable Assemblies & Harnesses, Sockets 
group. All have superior compression Plugs and the many ‘specials’ produced by AMPHENOL. General 
seal glass for best hermetic perform- C > . 
. atal As arizes the co te °-HENOL product 
anes, Send for product literature! atalog B4 summarizes the mplete AMPHENOL pro 


lines. 


American Phenolic Corporation, Chicago 50, Illinois 


Amphenol Canada Limited, Toronto 9, Ontario 


RE CONNECTORS 


All standard UG-/U types and many 
special application RF connectors 
including the new Subminax minia- 
tures bear the AMPHENOL quality 
imprint. Request RF Catalog D3. 


American Phenolic Corporation For rack & panel applications AMPHENOL offers 
famous Blue Ribbons, miniature and standard pin 
& socket types and a complete line of Princir 
(printed circuit) connectors. Designed and manu- 
factured to AMPHENOL standards. Catalog R2. 


1830 South 54th Avenw 


Chicago 50, Illinois 
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WHAT‘’S NEW 


transistor, which can give efficient 
performance at frequencies up to three 
megacycles. It will be on the market 
this year. 
P ‘iwo other COMpAnNies that have put 
their heads together with a view to 
ward a fruitful trade im ideas are 
Electric & Musical Industries, Ltd., of 
Middlesex, England, and the Cincin- 
nati Milling Machine Co, ‘The inten 
tion: an integration of the study and 
development of electronic machin 
tool control equipment. Icing the 
contract are the Cincinnati company’s 
world-wide reputation in milling and 
copying machines, and the EMI 
group's name in gunfire control com 
puters, radar and navigation equip 
ment, tclemetering, and guided mis 
iles 

P'l'wo computing and data analysis 
facilities—digital and analog—have been 
established by Cook Research Labora- 
tories Div. of Cook Electric Co. Heart 
of the digital facility is the IBM CPC 
computer, which can add or subtract 
2,000 times per sec, and the most 
important piece of equipment in the 
analog facility is Goodyear Aircraft’s 
GEDA 

The acquisitions 

PA good choice to start off the iist 
is Norden-Ketay Corp.'s acquisition 
of Gyromechanisms, Inc., its assets, 
business, name, and goodwill—Gyro 
mechanisms will continue to operate 
it Halesite, Long Island, N. Y., un 
der former President Stokley Webster, 
who becomes general manager of the 
Gyromechanisms Div. Among the 65 
employees involved in the transaction 
ire members of a specialized gyro de 
ve lopment staff whose _ significant 
projects include a new line of small, 
fully floated rate gyros, a floated two 
axis gyro, and a compensated vertical 
ystem for greatly increasing the in 
flight accuracy of vertical reference 
of high-speed aircraft. 

> The Precision Potentiometer Div. 
of Electro Circuits, Inc., purchased 
by General Controls Co., will operate 
as an independent unit under Bruce 
Grimm, chief engineer. All divisional 
personnel are included in the deal 

P Just before its acquisition by Hunter 
Mfg. Co., Bristol Engineering Corp. 
had been awarded a_ contract by 
Edwards AFB for design, fabrication, 
and installation of what will be the 
largest thrust and weight measuring 
stand in the world. The 11-year-oid 
company will continue work on the 
stand as a subsidiary of Hunter, whose 
plants in Bristol, Pa., Tucson, Ariz., 
and Mechanicsville, Md., specialize 
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YLINDERS 


OUTMODE ALL OTHERS 
.-- SAVE 40% SPACE! 


You'll never go back to tie-rod cylin- 
ders, once you apply T-J Spacemakers 
to your push-pull-lift jobs! Advantages 
in space saved, weight saved, greater 
strength and off-the-shelf delivery are 
among the dozens of Extras you get 
as Standard! 


Now—these sensationally popular T-J 
Spacemaker Cylinders are available off 
the shelf in sizes up to &°. This means 
as many as 64,000 different combina 
tions of styles, bores, strokes, mount- 
ings, etc., immediately available! Oil 
pressure to 750—Air to 200 P.S.I 
Super Cushion Flexible Seals for Air 
New Self-Aligning Master Oil Cushion 
Hard chrome plated bodies and piston 
rods (Standard). Only from T-J can 
you get these new ingenious cushion 
designs! Send for bulletin SM-155-2 
The Tomkins-Johnson Co., Jackson, 
Michigan. 












Member of the 
National Fluid Power Association 






TOMKINS-JOHN 


” 18 G00 erOeaeL i rieote ‘* 


SON 
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MODEL 920 


a 46° 


List PRICE in Chemical processin f military in 
| struments and ordnance materials and 
iluminum fabrication. Bristol’s field 
is aircraft structural components and 
iutomatic electron: testing equip 
ment 
P ihe sale of The Swartwout Co.’s 
Power Plant Equipment Div. to Re- 
public Flow Meters Co. gives Repul 
lic a new division with a ready-made 
line of desuperheaters, regulating 
ilve feed water regulator pump 
sovernors, and air operated control 
Swartwout plans to give more time 
to its other divisions and to drop 
those steam specialties that did not 
b | M4 oo with the ile Among the latter 
Here S the Simplest exh iuLS¢ he id . Cpadl itor Airtuge 
ind feed water heate: 
> Technology Instrument Corp.'s In- 
° e strument Div. has gone over to Acton 
Diaphragm Pressure Switch Laboratories, Inc. ‘This means an 
Acton trademark for ‘TIC phase 
meters, phase standards, z-angle me 
ters, vacuum tube voltmeters, direct 


© reading recorders, and oscillators and 
for Explosive Atmospheres pir 
P As a subsidiary of National Aircraft 
Corp., Mag-Electric Products, Inc., 
will continue to produce its magnetic 


WE BUILD IN WE DON’T USE implifiers, power supplies, delay line 


clectronic test equipment, and tran 


formers. Among the more than 70 
EXTREME ACCURACY | LINKAGES & BEARINGS Sieicen: aie & Peckient Ben 








retained is ident 


and DEPENDABILITY gan C. Stunkel, who will be president 
sian, wear, of the subsidiary. NAC’s Vice-presi 
maintained during . « ere dent Robert O. Vaughan joins him 


operating life due to QS a. as V-P 
direct acting design nage > With its acquisition of ‘Tactair, Inc., 


Aircraft Products Co. gets a subsidiary 
that puts it into the ficld of flight 


OPERATION LIQUID SWITCHING control equipment and instrumenta 
IN ANY POSITION <> HEMENTS tion, ‘The deal also brings to APC 


William UHarcum, who was with 
which make the switch Sperry Corp. before joining acta 
difficult $6 mount and to take charge of research and devel 

very critical to vibration. opment in automatic pilot and r 





which saves the installation 





costs encountered in mount- 
ing a switch that uses liquid 


switching elements. 
8 lated devices. One of hi urrent 


projects: a new type of automaty pilot 


for co ere ( woo 
IMMUNITY ACCORDION | for mmercial aircraft. Elwood M 


Hunt, general manager of APC, be 
TO VIBRATION DIAPHRAGMS | comes president of the new subsidiary 
> Manufacturing facilitics of Autron 
Engineering, Inc., is at the disposal of 
Judge & Co., engineers, now that th 
specialist in automatic rubber molding 
plants and ferrous and non-ferrou 
foundries is a part of Autron. Judg 

principal executive, Royal J. Judg 
joins Autron as project enginect 


“ ’ 4% An upswing in new plants and 
BARKSDALE VALVES facilities has also been noted around 
a the business loop. Among these ce 
velopments 





you can mount the switch which make the 
directly on your vibrating pressure switch 
of moving equipment. sensitive to vibration. 








To get complete specifications and operating data ask for bulletins 920-925. 


PDP» 4 PRESSURE SWITCH DIVISION 
bi 


5125 Alcoa Avenve, los Angeles 58, California P An advanced flight and research 
center for Sperry Rand Corp.—Pho 
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THE “150” DESIGN CONCEPT 


1. A system sterts with 


on 8., 6, 4-, 2- or 1-channel 
basic assembly which includes 


@ complete recorder 
assembly, and a Driver 
Ameplifier and 
gee (A) for 





AC or DC Signals, 


balanced or single- 
ended, with sensi- 
tivity of 1 mv te 
2v em (AC), 1 mv 
to 2 v mm (DC) 


HERE’S 
oscillogra pyar 


“A 


A Sanborn ‘150 Series’”’ 


—— 


es 5 w00 451 


eect” 


RECORDING V RSA» 


ow 


» VENUE 


System 


can be set up to record any of these 
inputs in any of the channels 


Logarithmic Level Signals 


Audio signals (20 
cycles to 20 KC) or 
OC voltages record- 
ed in logarithmic 
fashion on 50 


decibel chart 


la 


Higher Level Signals, 


where maximum 
sensitivity ef 
1 v cm, and input 
impedance of about 
200,000 ohms are 


adequate 


\ 


AC-OC Preamp LOG-AUDIO Preamp 


Magnitude and Direction 
of Physical Variables, 


Si. 


CARRIER Preamp 


RMS Values of 
AC Voltages, Currents, 


Extremely Low Voltages 
and Currents, 


with sensitivities of 


differen- oe pe? 


variable re- ot 
sistance, » p 


100 uv and 1 —— 
' volts 
] & : cm. (with external o @ 4, may 
. shunt of 100 = Pm he ma amp 
a . 7 
es cycles), i a 


circuit VOLT AMMETER Pre 


tial transformer or 
variable reluctance 
transducers by means 

of DC chopper 
LOW LEVEL Preamp 


Symmetric or Asymmetric 
Wave Form Inputs, 


AC Voltage Components Low Level Signals, 


with extreme sta- 
bility, high 


in phase or 180 out 
gain, 
and greater band- 
width then with 
150-1500 Low 

Level 


of phase with a o* . in 350-450 cycles 


S) (2 cycles mm) and 
«*%* 375-425 cycles (1 


reference 


(e.g., 
signal). 


voltage 
servo error 

cycle mm) ranges 
Preamplifier 


SERVO MONITOR dhdenactind 


STABILIZED DC Preamp -=m** 
a 


£9 
ee 
Coen aT URE. wr 


COMPLETE, A CES cos EIGHT- 


CHANNEL SYSTEM ADDED TO 150 SERIES 


Medel 158-5490 is intended 
primarily for use with onolog 
compvters bu! copeble of 
other types of recording 
Features include 

O.1v em sensitivity 
push-pull or 

single-ended inpu! 

5 mag. input 

impedence each 

input lead to ground 
Frequency response is 

flat to 20 cps, down 

2 db at 60 cps for all 
amplitudes to 

4 om peak to peck 


Average Value of AC Watts 
in a Circuit, 


In ranges from 25 
a= 
2%. 


AC WATITMETER Preamp 


DC Signals 


(push-pull, single- 


ended or difference volts x 40 ma to 


between two). 250 volts x 2 amps 


Basic sensitivity 


to 50 


(with internal multi- 


50 mv cm 


pliers and shunts 


vem which can handle 


DC COUPLING Preamp up to 4 amps) 


j 
_ in addition to this great versatility 


to the user 


equally valuable Sanborn engineers 


are the basic design features of Sanborn will be glad te 


» help 
you sete equip 
suited to 


ontact 


oscillographic recording systems, many of them available 
ment best 

only in Sanborn equipment They include inkless recording , ‘ 

your need 

in true rectangular co-ordinates improved overall linearity; them with cenfi 

ond ask for a 


of the 


a choice of vertical mobile-cabinet dence 


and & copy 
complete 


numerous chart speeds; 


or portable-case packaging; availability of 2-, 4-, 6 new and 
‘150 Series" 
channel systems especially designed for recording analog oat 
- Catatog 


computer outputs 


SANBORN COMPANY, 


CAMBRIDGE 39 
MASSACHUSETTS 
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ni Ariz.. additions to the we Avia 
tion Diy. will speed service to airtrann 
# manufacturers in Pacific, southwest, 
and central states. First on the agenca 
are a hangar and shop on a 40-acre 
tract at Sky Harbor Airport, ear 


marked for work in pilotless aircraft 
and advanced instruments. Later plans 


call for construction of a plant and 
RUNNING engineering laboratory in greater 
TIME Phoenix and for development of a 


former Air Force auxiliary airfield 
METER {he plant and laboratory will b 
started when the hangar and shop 
have been built, which will be in about 
a yCar. 
> A manufacturing plant for Baldwin- 
Lima-Hamilton Corp. in Waltham, 
Mass.—Here, next September, a new 
Electronics & Instrument Div. will 
begin turning out strain gages, load 
cells, pressure cells, torque pickups, 
indicating, recording, and controlling 
instruments, and testing machines 
the division will operate in Cam 
bridge until the one-story, 102,000 
Type 6408 q-ft plant is completed 
Portable reset type > More space for IBM—40,000 sq ft 
of facilities are sh iping up at Oswego, 
N. Y., where work by portions of th 
Military Products Div. and the Air- 
borne Computer Laboratories will get 
under way later this year. ‘Three main 
buildings already have been designed. 
General manager at Oswego is Curt 
I. Johnson. 
> ixpansion by Viking Instruments, 
Inc.—Plant and production facilitic 
for measuring and c witnaal Te. Precision totalizer at East Haddam, Conn., will be dou 
time intervals, from the hund ‘ : an r — in — sales volume 
second F ind Cciectronic yroducw#s. 
pena s - eae > Another for Rundel Electric Co. 
A variety of types— Be: lhis San Francisco builder of custom 
or non-reset ... meter me . a tailored electric controls is expanding 
or portable... drumordiah oor it Millbrae, Calif., where the first 
counters—are available to P ections of a 100,000-sq-ft plant will 
meet your exact requirements, POS i ae go into action this April 
all are driven by the prec Type 630 > Elbow room for Fenwal, Inc.—A 
built, high torque oe Flush panel mounted 100,000-sq-ft addition to this Ashland 
synchronous ales Mass. manufacturet’s facilities follows 


Whether used for researc ! close on the heels of a new building 
preventive maintenance, that will centralize research in mea: 
recording operating charac i ae urement and control of heat and 
of a machine or s ae other variables. The new facility will 
you'll find a Cramer time tote q rags house the Aviation Products Div. 
ideal for the f q In still other news around the loop 
: Type 640€ > Kollsman Instrument Corp. ha 
Fully enclosed, licensed Filotecnica Salmoiraghi, 
with reset wheel S.P.A., of Milan, as its exclusive agent 
in Italy. Initially, the Italian control 
manufacturer will represent Kollsman 
to the Italian government, aircraft 
builders, and airlines. Later plan 
Vhe x .  - CR AMER of > Pa however, call for Salmoiraghi to manu 
facture Kollsman’s line of precision 
BOX 46, € BROOK, CONNECTICUT aircraft and optical instruments and 
’ ai systems. 


TIME CONTROL 


ICR 
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FOR EFFICIENT WASTE TREATMENT 


t aint the chant! 


In Any Given Waste Treatment System, 


the factors governing pH controllability type of 
waste, variations in flow and concentration, layout 
and retention of the system, et 
operational success. A painted chart may indi 
cate that a system has been designed and instru 
mented without due regard to these factors, a 
regard which only L&N’s pH Controllability 
Analysis provides. 


This unique Analysis gives us vital information 
about the controllability factors of individual 


waste treatment processes. Our engineers analyze 


these data to determine the limits within which 
the process can be controlled in a proposed treat 
ing system, or to recommend the physical layout 


determine 


needed to gain the desired degree of control— the 
answers you need to achieve efficiency in industrial 
waste treatment 


Process Data Sheet 700(2), “L&N Speedomax 
Control of Plant Waste Disposal Processes’’, out 
lines this approach to industrial waste treatment 
Write for a copy and you'll also receive a Control 
lability Analysis Questionnaire to fill out and 
return, without obligation, for concrete answers to 
your specific waste treatment problem. ‘The 
address 4918 Stenton Ave., Phila. 44, Pa 


lil 
LEEDS IN NORTHRUP 


instruments automatic controla « furnaces 
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SCHEMATIC DIAGRAM OF SOLA CIRCUIT modified to supply regulated stepped-down outputs is within +3% for input variations of +15 Other 


plate and filament voltages. Hegulation on one stepped-up output and two units available regulate as close as +1% for input variations 


YOU GET VOLTAGE REGULATION AND MORE FROM A SOLA: 
Closely Regulated Voltage Plus 
Transformer Step-Up or Step-Down with 
Sola Constant Voltage Transformers 


Today’s complex electrical and electronic equipment, magnetic voltage regulator. It offers many important 
with its narrow limits for adequate performance, makes advantages over other stabilizers which depend solely 
a fixed level of input voltage virtually essential. There upon saturation of core materials for their regulating 
are many fine voltage regulators available for this duty action; or electronic types employing tubes 
alone. However, the Sola Constant Voltage Transformer 
delivers one-to-one, stepped-up, or stepped-down volt- 
ages closely regulated. One Sola unit may replace both 
voltage-regulating circuit or component, and conven- 
tional power transformer. 





To meet the exact requirements of many load devices 
or service conditions, Sola voltage regulators are avail- 
able in stock models, or custom designs in production 
quantities. Your Sola representative will be happy to 
provide you with information on their feasibility for your 
The Sola Constant Voltage Transformer is a static- particular application. 


Write for Bulletin 26C-CV-170 
Consiand ber SOLA ELECTRIC CO 
4633 W. 16th Street 
TRANSFORMERS 5 Chicago 50, Illinois 


— oe ee a ee 


ae em VOLTAGE TRANSFORMERS for Reculotion of Electronic and Electrical Equipment ¢ LIGHTING TRANSFORMERS for Al! Types of Fluorescent 

ond Mercury Vapor Lomps. @ SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35, 103 E. 

125th St., TRofalgar 6-6464 © PHILADELPHIA; Commercial Trust Bidg., Rittenhouse 6-4988 © BOSTON: 272 Centre Street, Newton 58, Mass., 

# 4.3354 © CLEVELAND 15; 1836 Euclid Ave., PRospect 1.6400 @ KANSAS CITY 2, MO.; 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23; 

E, Olympic Bivd., ANgelus 9-9431 © TORONTO 17, ONTARIO: 102 Leird Drive, Moyfair 4554 © Representatives in Other Principal Cities 
iat et Bere te. Se sin lla ee 
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DISTILLATION CO 
CONTROL 


GEORGE E. HOWARD, Manager 
Application Engineering Dept. 
“Unquestionably, our reputation for su 
cessful distillation column control is based 
on broad experience with every type of dis 
tillation problem, and a complete line of 

instruments that meets every need.” 


PROBLEM 


To obtain required separation of 
components in a batch distillation 
column in the shortest practical 
time at the lowest possible cost. 
This is complicated by the fact that 
composition of the charge varies 
continuously, which means that the 
reflux ratio must be continually ad- 
justed. 


SOLUTION 


Maintain constant heat input to 
column reboiler and automatically 
vary reflux ratio to hold specified 
overhead composition. 


INSTRUMENTATION 


Steam flow controller maintains 
heat input at the value required for 
optimum vapor velocity as deter- 
mined by column design. Flow 
transmitter is located directly at 
point of measurement for ease of 
installation and maintenance. Re- 
ceiver controller gives continuous 
chart record for evaluating opera- 
tion and for accounting purposes. 


Column Temperature Controller regu- 
lates reflux to accurately maintain 
equilibrium temperature in the col- 
umn. Since equilibrium temperature 


One of a series of basic 


instrumentation recommendations 


for the unit operations 











is a measure of composition, this is 
an effective means of holding over 
head product at required purity. 
Precision control depends upon 
instantaneous detection of column 
temperature changes hence SPEED 
ACT* response in the transmitter is 
used to overcome inherent measure 
ment lag. Similarly, PRE-ACT* re 
sponse in the controller gives fast 
corrective action to overcome inher- 
ent lags in processing equipment. 

Column Pressure Controller senses ab- 
solute pressure changes in the col- 
umn and automatically adjusts the 
column temperature controller to 
compensate for the effect of pres- 
sure changes on the equilibrium 
temperature. A narrow range, bar- 
ometrically compensated pressure 
transmitter locally mounted detects 
the slightest change in column ab- 
solute pressure. Chart records on 
temperature and pressure control 
lers providea constant check on col- 
umn operation and product quality 


CONDENSER 


, 


>’ VACUUM 
SYSTEM 





LING H,0 


€ 
— 
\ 


] VERHEAD 
j— PRODUCT 





Overhead Product Temperature Con- 
troller regulates the flow of cooling 
water to insure complete condensa 
tion of overhead vapors This con 
troller also prevents excessive sub 
cooling of reflux that would result 
in unnecessary heat load on the col 
umn reboiles 


BENEFITS 


1. Constant product quality. 

2. Minimum operating cost 

3. Continuous record of proces 
operation 

4. Elimination of tedious manual 
adjustment 

5. Precision control despite pro 
ccss load change 5 


Send for Data Sheet No. 11 for other 
control recommendations for batch 
and continuous distillation; or call 
Taylor Field Engineer 
laylor Instrument ¢ om panies, 
Rochester, N. Y., and 
Canada. 


in your 


Toronto, 


aylor Instruments MEAN ACCURACY FIRST 
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Rugged, Versatile 
Temperature Transmitter 
Improves Remote Control 


. the Foxboro 


There is no easier, simpler way to measure 
remote temperatures, fast, over so wide a range, 
with such high sustained accuracy, and at so 
low a cost! 

Between the limits of —100°F. and +-1000°F., 
with operational spans of 50’, 100°, 200°, and 
400’F, this rugged, highly responsive instrument 
performs outstandingly under the most severe 
conditions. It is compensated for ambient tem- 
peratures and pressure. Derivative action can 


be furnished for optimum performance when 


2A (pneumatic) 


substantia! thermal or transmission lags exist. 

With its weatherproof housing and integral 
mounting bracket, it can be installed in any 
hazardous, corrosive, or outdoor location. Trans 
mission lines are standard copper tubing, no 
electrical hazard, no costly capillary to run, 

Write for Bulletin 13-17. It explains fully why 
the Foxboro M/12A Temperature Transmitter 
gives better performance with lower installation 
and maintenance cost. The Foxboro Company, 


363 Norfolk St., Foxboro, Mass., U.S.A. 


FACTORIES IN THE UNITED STATES, CANADA AND ENGLAND 


e e Pneumatic Temperature Iransmission 





co shock-mounted for long life. 
id —silicon steel 


SERIES 


50 a 


“y 


mounts 


Decco’s Series 50 offers more power—longer stroke with the same 
dependable quality and performance that has made Decco the top 


name in industrial solenoids. 


There is a Decco solenoid for every requirement. Built to give 


better service for a longer time. Solenoids engineered and modified Direct 


current 


to your requirements. Let us discuss your problems. nec 


For complete information write — 


OMPAN Y 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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TCA WAFER THERMISTORS 


Gulton Industries’ Research- 
on-the-Production-Line 
makes possible instant tail 
oring of basic materials, 
instruments or complete sys 
tems to fill difficult or unusual 
requirements 








TEMPERATURE-SENSITIVE 


CERANICS 


...-compensate...control...indicate 


THE PROBLEM: Prominent builders of airborne 
telemetering equipment use special voltage-controlled 
oscillators for translating instrument data into desired 
FM signals. The operating characteristics of these 
completely transistorized units vary drastically with 
changing temperature ... differences cause false read- 
ings; lives and equipment depend upon signal ac 
curacy ... compensation has to be automatic and 
absolutely certain. 


THE SOLUTION: A compensating network of new 
TCA Wafer Thermistors — thermally sensitive units 
whose resistance varies inversely with temperature— 
quickly provided the answer, compensating for 
changes in output impedance of the transistor modu- 
lator. TCA Thermistors are available in a very wide 
selection of styles, resistances and temperature co 
efficients — up to 7% per °C. Perfect for subminia 
turized equipment, TCA Wafer Thermistors are made 
as small as 1/10” square with the same power 


THERMISTOR 


associated with GULTON 


INDUSTRIES, INC. Metuchen, New Jersey 
PIONEERS IN MATERIALS RESEARCH, ELECTRONIC COMPONENTS, PRECISION 


handling abilities as older types up to five times 
larger in area. Custom-produced samples can be 


quickly supplied 


Highly versatile, Thermistors ore now being used for 


Volume Limiting—Servo System Balancing 


Time Delay 
Liquid Level Detection Flow Measurement — Tem 
perature Measurement ind thousands of other 
compensating, controlling and indicating applications 


Full engineering information is in Booklet #601 


if your requirements include temperature 
sensing devices or any instrument requiring 
temperature compensation or control, the 
integrated talents of the associated com- 
panies of Gulton Industries—backed by TCA 
facilities for thermistor design—are available 
for complete development work ... from 
original research to final production. Write 
for further information. 


CORPORATION 


OF AMERICA 


ON ONO em 


INSTRUMENTS AND SYSTEMS ENGINEERING 


See Gi Products, Booth #850 March IRE Show. Write on company letterhead for personal invitation to Gi instrument and Component Symposium, Waldorf-Astoria, March 21, 1956 


MARCH 





Temperatures to 
1200°C can be 
recorded with 
modifications 


to the probe. 





The RHEEM REL-401 Temperature Measuring System 





a] coccccscecees 
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The Rheem Temperature Measuring system is a sub-miniature modular instrument, 
designed to fulfill all telemetered temperature measurement requirements within the 
range of ~-100°C to +600°C., 

The system is adjustable to obtain a 0 to 5 volt d.c. signal output for any increment 
of temperature within the 100°C to +600°C range, with a minimum temperature 
range requirement of only 25°C for 0 to 5 volts output, and a maximum temperature 
on of ~-100°C to +600°C for 0 to 5 volts output. This feature permits maximum 
resolution for all temperature measurements at accuracies up to + 1° C. 

The modular construction of this system provides extreme flexibility in system 
installations, with maximum economy in space, weight, and cost, in that only the 


required number of instruments need be provided for the exact number of measure- 
ments to be made 





The high level output voltage of the system lends itself to standard commutation 
procedures for telemetering and also provides sufficient current to drive a 1 ma 
movement recorder for ground or commercial application. 

The sensing probes for this system are platinum resistance of single value and are 
furnished in many configurations to provide the shortest response time, minimum 
space, and greatest degree of accuracy for each specific temperature measurement. 
The output impedance for the REL-401 is 100 ohms maximum 


TYPICAL PROBE APPLICATIONS 


DEAD AIR COMPARTMENTS SKIN OR STRUCTURE SKIN OR SURFACE 


Standard 
RHEEM 
space wound 
resistance type 
sensing elements 








Rheem standard sensing elements can be furnished in a variety of probe 


You Can Rely on 
configurations to suit specific design requirements. 


for further information call: 


we mmarsawenge |  RHEEM MANUFACTURING COMPANY 


Moreh 10 Ware 22, 1088 GOVERNMENT PRODUCTS DIVISION 


ys nc RESEARCH AND DEVELOPMENT LABORATORIES 
ELECTRONICS DEPARTMENT . . . . 9236 EAST HALL ROAD, DOWNEY, CALIF. 
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Mognati pliti ed syachreniser onlt a- 
stalled at Mississippi Gloss Company, St. Louis, by mathoenvie SIGNAL MIXER 
Hornbeck ond Herdie Electric Company, St. Louis. pemoouiatoe ANO RELATIVE 
POSITION ADJ 








MAGNETIC 
AMPLIFIER 








morTor 


N THE MANUFACTURE of Polished Wired Glass, a series of necessary that the relative p 


sy? hronized with each other at all t 
grinding and polishing operations employing increasingly 


A visual method of synch ynizat 


finer grades of abrasives and a polishing agent is necessary 
top wate h and ruler proved unsatista 


to achieve a smooth, flawless surface. In this particular case 
The problem is solved by the 

grinding and polishing is accomplished on two separate but Magnetic Amplifier Controlled Synchronizer. This synchro 

parallel conveyor lines nizer controls the speed of the polishing ‘'slave’’ line. The 


speed signal is derived from synchros which detect relative 
Since it is necessary that the tables which carry the 
onveyor position By this te hnique the positional a curacy 


! c to f t since 
glass be transferred from one line to the other, and since between the two conveyor lines is held to less than + '/2 inch 


other machinery must be coordinated with these lines, if is throughout a 2.1 speed range for the grinding ‘master’ line 
WRITE TODAY for information on how Vickers Magnetic Amplifiers can help solve your contre! problems 


VICKERS ELECTRIC DIVISION 


VICKERS INCORPORATED a unit of Sperry Rand Corporation 
18605 LOCUST STREET SAINT LOUIS 3 MISSOURI 
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@ A new dual-beam cathode-ray oscillograph 
with facilities for precise observation, comparison 
and measurement of two related a-c or d-c signals 


Has two complete vertical amplifiers with response 
flat to d-c and uniform within 30% to 300 ke 
Amplitude measuring on both channels includes 
16 ranges from 400 volts full scale to only 4 milli 
volts for full deflection to scale limits. The most 
sensitive range permits a-c or d-c measurements in 
the microvolt region. Balanced input is available 


on the seven most sensitive ranges 
High-level, accurate, calibrated, linear sweeps; 


< 


automatic beam gate; sweeps range from | sec./ 


inch to 2 usec./inch in 19 steps common to both 





channels 


X-amplifier provides up to 20 inches of undistorted 
sweep expansion; external horizontal input to 
either or both channels 


CATHODE-RAY OSCILLOGRAPH 


Anne. Fee Tee Beem BB. ce —_ 
i TYPE 299 


TYPE 296 TYPE 302 TYPE 321-A 
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Versatile, economical 35 mm 
general-purpose oscillograph 
record camera with f/2.8 
lens Price $149.50 


CONTROL 


General-purpose recording 
camera accepts variety of 
backs for 120 size roll film, 
cut film or film pack; inexpen- 
sively converted into print-a 
minute Polaroid Land camera. 

Price $265.00 


For permanent records in just 
a minute with Polaroid-Land 
back; by simple, inexpensive 
change of backs can be adapt 
ed for general-purpose record 
ing with other than Polaroid 
films. Price $285.00 


Continuous motion or single 
frame recording on 35 mm 
perforated or unperforated 
film or recording paper; film 
speeds variable in steps from 
0.8 to 3600 inches/minute 
Price $1050.00 














less time, 
less cost 
fo) ame] gelel eles 


development 


For more facts on what CEC Systems Engineering 
can do for you, write for Bulletin CEC 1304-X24 


, Process 
. ‘ules Chemical 

‘ / 
Systems Division pees 


Consolidated Electrodynamics Corporation 


formerly Consolidated Engineering Corporation 


300 North Sierra Madre Villa, Pasadena, California—SALES AND SERVICE OFFICES IN: Albuquerque, Atlanta 
Boston, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, DA 


Information-gathering costs down 60% ... test results 
available in 65% less time! That's the story at Marquardt 
Aircraft Company's “Jet Laboratory” in Van Nuys, Cali- 
fornia, since installation of a CEC Data-Processing System. 
Custom-designed for Marquardt’s specific needs, the system 
helps their engineers evaluate a new ramjet “at a glance” 
helps checkmate troubles at the very outset of testing It 
brings true automation to the reduction, listing, compensat- 
ing, and computation of data, formerly accomplished 
entirely by manual means 

Dynamic and static testing the function of the 
Marquardt System is but one of the fields to which Con 
solidated’s Systems Division can bring the full, combined 
benefits of automation and instrumentation. Whether you're 
interested in such engineering and de velopment testing 
or in process monitoring and control, chemical analysis, or 
data processing let CEC’s Systems Division look at your 


problem. The results will pay off for you for years to come 


Here’s how Marquardt’s CEC Data-Processing provides 
1 a 


more data at less cost in less time 


>< 


samples 100 channels in O econd or scans an individ 


ual channel at any rate up to 1200 unples per second 


automatically amplifies and digit lemperature, pres- 


sure, and flow measurement 


records digital information on magnetic tape for transfer 
to punched cards or to an electronic computer at whatever 


rate demanded 


connects any data channel into any or all of three data 
presentation modes: recording oscillographs, high-speed 


digital converter, or remote mete 


generates a precise time base for recording along with 


data at instant of sampling 


gathers and stores digital information by means of a 
tape-to-card converter (magnetic-memory drum and relay 


storage) for utilization by 1BM punch 


| 

| 
Llectroni« 

| /nstruments 

| for 

7 Measurement 
| 


and Control 
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Electro-mechanical Engineers, Scientists: 


IN-TODAY’S ELECTRONIC ACHIEVEMENTS 
LIE TOMORROW'S CAREERS 


Your work in advanced guidance and control systems and 
components at ALTONETICS today is excellent assurance 
of long-range opportunity. Problems like heat resistance, 
weight reduction and sub-miniaturization in electro-mechan 
ical devices for missiles and manned aircraft have a direct 
application to non-military industry. 

The work at AUTONETICS is challenging and profession 
ally rewarding. Nearly 100 projects are now underway — most 
of which have not yet been printed in journals or texts. This 
diversity means good opportunity to find the field that is 


best for your particular talent, training and desires. 
| : 


Choice openings for: 
Computer Specialists 
Electronic Component Evaluators 
Flight Control Systems Engineers 
Computer Application Engineers 


Inertial Instrument Development Engineers 


Electro-Mechanical Designers 
Instrumentation Engineers 
Electronics Research Specialists 


Automatic Controls Engineers 


In developing and designing precision electro-mechanical 
equipment, you will use the finest digital and analog com 
puters and other advanced research and test facilities at 
ALU TONETICS. 

In addition to all the physical advantages at ALTO 
NETICS, you will welcome the professional attitude of your 
colleagues here. You can expect to be informed about your 


personal progress, have your ideas listened to. 


Al TONE] I¢ Ss welcome ~ 


quiry. All replies will be held in the strictest confidence 


If you are interested, your in 


Environmental Test Engineers 

Fire Control Systems Engineers 
Computer Programmers 
Electronic Engineering Writers 


Preliminary Analysis and Design Engineers 


Also Openings for Draftsmen and Technicians 


Contact: 


Mr. D. S. Grant, Engineering Personnel Office - 


Autonetics, Dept. 991-20 Con, 12214 Lakewood Bivd., Downey, Calif. 


You are cordially invited to visit our booth number 59 at the 
I, R. E, Convention, and North American's I. R. E. Convention 
Headquarters at the Waldorf-Astoria Hotel for a showing of 
technical films on the remarkable growth and development of 
the Company's Missile and Control Equipment Operations 


awWwgwsewwat+Tt ss SC. 6GCCOO WN UT 
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jet engine starter performance 
plotted quickly and accurately 
by Baldwin SR-4" system 


Under simulated operating conditions, turbine type fuel-air 
combustion starters for jet aircraft engines are performance- 
tested by a Baldwin instrumentation system that is instantane- 
ously responsive and accurate to .1%. 

Starter operating characteristics are measured by three 
Baldwin SR-4 strain gage type pressure cells (at top of photo 
at right) and an SR-4 torque pickup (below) which follow 
variations in combustion pressure, fuel pressure, air pressure 
and torque. Electrical signals are transmitted from the cells and 
plotted on Baldwin recorders mounted in control consoles 
(photo above). Also plotted are primary ignition voltage and 
shaft speed, With this instrumentation system one test engineer 
can conduct 34% second test runs on a continuous basis. 

If you need to measure torque, pressure, load, tension or 
thrust, Baldwin can custom-design and build a system to do 
the job. “Packaged” systems and component transducers are 
also available. For illustrated bulletins, write us at 806 Massa 


chusetts Avenue, Cambridge, Massachusetts. 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN -LIMA-HAMILTON 


DIVISIONS: Austin-Western « Eddystone * Hamilton * Lima « 
Loewy-Hydropress * Madsen « Pelton *« Standard Steel Works 





Your prospects Wiewey and the world’s largest computer 


@ As an engineer at IBM, your prospects are virtually 
unlimited. You work with the world’s largest computer! 
And this long-range project offers you the chance 


to achieve greater satisfaction and growth. 


This operation, of front rank importance, and growing 

by leaps and bounds, requires outstanding men to 

receive advanced computer training at IBM's Kingston, N. Y. 
school . . . to undertake responsible assignments in 
locations throughout the Eastern U.S. Employing the latest 
computing and calculating techniques and testing equipment, 
youll gain experience unequalled anywhere in electronics, 
And every channel of advancement in this accelerating 
project will be open to you. The future looks good at IBM, 


long an outstanding leader in its field. 


If you have an E.E, degree or equivalent experience, 
write now to: N. O. Heyer, ?oom 2603. 


International Business Machines Corp., Kingston, New York 





INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 








DATA PROCESSING © ELECTRIC TYPEWRITERS © 


TIME EQUIPMENT © MILITARY PRODUCTS 
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Finding or developing answers that best suit 


Applications 
individual pressure problems has been Cash Stand- Served by 
ard's specialty for over a quarter of a century. The Cash Standard 
solution to your problem can be found either in the Pressure 
established Cash Standard line of pressure regu- opens 
lators, instruments and automatic controls, or in 
Cash Standard's willingness to tackle problems—to 
modify existing products or design new products to 


conform precisely to your needs. 


For an individual solution to your pressure prob- 
lem, contact the Cash Standard pressure specialist 
in your area, or write for pressure problem analysis. 


Write Dept. F 


CASH 'S) STANDARD 


A. W. CASH COMPANY, P. O. Box 551, Decatur, Illinois 


vlic, Temperature, Process ond Combustion Contro 
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Northrop Aircraft, Inc. selected their analog 
computing system from Electronic Associ 
ates, Inc. They chose EAI’s PACE cquip 
ment, because their engineers the on 
absolute reliability for use in their long 
range interceptor, guided missile, and ether 
research, development and production t 
grams. One more example of two leading 
companics working together to break the 
problem barrier through progressive engi 
neering. Details of Pace equipment on re- 
quest. Write Dept. CE-3. 


E EAI! SET 
S Tr 
Visit our booths which are Nos : oo : row eLATS Cc 


329, 331 and 333 at the LR.I — w seneey 


Shou 











ELECTRONIC 


ASSOCeATES EAI SETS THE PiAIiCicE 


PRECISION ANALOG OMPUTING! EQUIPMEN 




















LONG BRANCH + NEW JERSEY 
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INDUSTRY’S 
PULSE 


L.A. Control Colossus 
Girds Cautiously for Industry 


Late last year Los Angeles’s Chamber of Commerce made a 
startling disclosure: the annual factory billing for products 
from its lusty young instrument and control industry is likely 
to reach $1 billion in 1956. The estimate follows a survey of 
a specialized manufacturing group that now includes 436 firms 
employing 72,167 people. In 1941 the local plants in this field 
could be counted on your fingers—and their annual billings 
totaled only $47,000 

Not disclosed in the L.A. C. of C. report, however, was just 
how much of the billion-dollar tab will be picked up by the 
government—but shrewd guessers suggest defense orders take 
up to 75 per cent of this local industry's output 

Do Los Angeles control venders consider this military bias 
a deterrent to healthy growth? H. Leslie Hoffman, chairman of 
the committee that made the survey and president of the local 
firm bearing his name, pealed the note of unease when h« 
warned that if the industry is to proceed on a sound economic 
basis “. . . it must offset its dependence on military business by 
building up commercial and industrial markets.” 

Hoffman, whose own company happily sits atop a 50-50 
military-civilian market (mainly due to 'I'V products) , believes 
that many primarily military manufacturers will find conver 
sion to the industrial market a major problem. He points out 
that there are few military items that can be directly adapted 
for industry. And that frequently, the only adaptable quantity 
is the “know-how” developed on military projects, rather than 
the actual designs 

Other companies in the area, while hoping to beef up thi 
industrial side of their business, echo Hoffman's sentiments 
Several remember dreaming up a rosy picture of customers lined 
up to buy military products that were to be released to the 
civilian market. This proved to be far from the case. Not only 
was the military hardware of little use to industry, but even the 
military's approach to new developments was found, with few 
exceptions, to be utterly different. 

Bendix Pacific, however, cites the example of a military prod 
uct that it did successfully redesign to mect industrial needs 
telemetering equipment. The company has made good inroads 


How much from 
government coffers? 


Military items 
sometimes do 
charm industry 
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Designed to solve safety and service problems 


oo THE NEW ASHCROFT 
PNEUMATIC PRESSURE TRANSMITTER 

















This new Ashcroft Pneumatic Pressure Transmitter is 
particularly recommended to processing industries and 
power stations. It combines speed and accuracy with max- 
imum protection and serviceability 


The new design features the 6” indicating Ashcroft Maxi- 
safe Duragauge, long known for dependable performance 
It has an integrally-cast solid metal wall between dial 
and pressure sensitive element so that the transmitter can 
measure pressures up to 100,000 psi with complete safety 
for personnel and equipment. If misapplication ruptures 
the Bourdon tube, the Teflon-coated back cover serves as 
a safety blowout relief. 


Another outstanding design advantage is easy access to 
both gauge and transmitter sections. Simply remove the 
safety-relief back cover and both the gauge and transmit- 


ter can be calibrated. Yet a sealed housing makes the entire 
assembly weatherproof 


The transmitter operates on low-pressure air. No need for 
expensive high-pressure lines and fittings. Supply air 
pressure as low as 18-20 psi for 3 to 15 psi output provides 
especially advantageous operation where electrical wiring 
might be a hazard. Inflammable, poisonous or corrosive 
liquids or gases are confined close to their source, away 
from the central control point 


The Series 1250 Ashcroft Pneumatic Pressure Transmitter 
is available with pressure sensing elements in all standard 
pressure ranges and Bourdon tube materials. Installation 
of the transmitter is easy. Small diameter tubing may be 
used, and the pipe, stem, wall or flush mounts are inter- 
changeable in the field. Get complete operational data and 
construction details. Write for Bulletin 340 


YOUR INDUSTRIAL SUPPLY DISTRIBUTOR has the broad knowledge and thorough experi- 
ence essential to satisfy every requirement of your Ashcroft Pneumatic Pressure 


Transmitter application. You 


get fast 


economical service from his local stocks. 


in Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


A product of MANNING, MAXWELL & MOORE, INC. STRATFORD, CONNECTICUT 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN-MICROSEN 


INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY 


RELIEF VALVES, Tulsa, Oklahomo. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif 


“SHAW-BOX’ AND ‘LOAD LIFTER’ CRANES, 


Muskegon, Mich. 
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BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 


.--- INDUSTRY’S PULSE 


into petroleum processing, meteorology, flood control—and now 
finds its telemetering production trend well toward the indus 
trial side. Several other manufacturers have found at least onc 
military-sponsored item that is helping to fatten up industrial 
proceeds. Coleman Engineering Co.’s Digitizer—developed for 
military aircraft—is being sold, only slightly revamped, in data 
handling systems for oil refineries and public utilities. Libra 
scope has industrialized its digital and analog computers as we 1] 
as its mechanical integrators and magnetic drums. Litton In 
dustries, Inc., also is selling many of its military items to in 
dustry, but it reports a reverse twist: some of the principles 
used in its industrial-type computers are now finding broad 
application in the military market 

Standing out from the many observations gleaned in Los 
\ngeles interviews are thes« 
> most firms find military items require major redesign for 
industrial use. Production costs must be cut—but, surprising) 
accuracy must often be increased. Speed and sensitivity ar¢ 
apparently less important in industrial applications 
Pas a rule, it is not feasible to try to design military items 
with subsequent industrial use in mind This may jcopardize 
product performance—a condition not tolerated by the military 
> most companies readily admit that military custopgérs are 
their “bread and butter” accounts. ‘They have no Thtention 

losing them. Often this has deterred all-out conversion t 
the industrial market. Many companies hesitate to pull top 
engineers out of military design to work on civilian projects 

Perhaps the most accurate summary of L. A. control managt 
ment’s attitude toward the industrial siren is contained in this 
neat joining of two proverbs by one from the ranks: “Weave 
already buttered our bread—but we will not necessarily lie‘in it 


Can defense 
also mean 
business security? 
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Flexible 


DEKORON 


Poly-Cor 





harness 


Now you can whip high instru- 

ment tubing installation and re- 

placement costs in your plant—with 

’ Dekoron Poly-Cor®, That's because 

A the chemical resistance of plastic even out- 

r fasts expensive alloy tubing ... because its 

lighter weight and flexibility make it a snap to in- 

stall without special tools ... because you can instal! 

practically any number of tubes at one handiing, just 

like electric wiring. You can’t lose with Dekoron Poly- 

Cor — it cuts your investment because of its 

lower installed cost, cuts your maintenance 
because it lasts years longer. 


Tube up with DEKORON completely 


Dekoron products now in 


clude single and multiple line harness (above), fiat * 
line metal tubing with plas 10-tube “ribbon,” fittings 
tic coating, multiple tube and junction boxes 


QUALITY e RESEARCH « SERVICE 
DORE & COMPANY 


MANTUA, OHIO 


i 


all-plastic instrument 


AA lent 
im, 
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Pulling Together 





One year ago, in an admonishing editorial, “Let’s Pull ‘Together’, we 
sounded a plea for cooperative effort between the technical societies’ profes 
sional divisions and groups concerned with instrumentation and automatn 
control. ‘T'wo months later, in May, we reiterated this plea. And now, as we 
take up our song again, it’s a pleasure to shout kudos, not caterwauls 

lirst we call forward to take their bows the Instrument and Regulator 
Division of ASME and the Feedback Control Committee of All... March 26 
through 28, '56 they will cosponsor a conference on nonlinear control system: 
at Princeton University. ‘he conference is scheduled to start with an historical 
resumé of developments by our regular contributor of book reviews, Professor 
I J Higgins, University of Wisconsin. ‘Then it will swing into a review of 
physical nonlinearities. Sessions on analysis, mathematical tools, and then 
applications to significant industrial and military problems will follow, ‘Thi 
Princeton campus should provide a relaxing atmosphere for an informal meet 
ing ground of ideas from all corners of our field 

The forging of cross-socicty links between the educational committees of 
the professional groups, while still in the formative stage, deserves the 


hand. The goal of these committees, which seck to teach the rudiments of 


next 


control systems technology, is a set of course outlines and traiming aids that 
will be available to local sections of any professional soc We suggest 
that interested readers contact their society representative 

Qur final curtain call goes to the British Institute of Chemical Engineer 


ind the Society of Instrument ‘Technology for their stimulating 


pen us a note 


iomnt conter 


ence on automatic process control last October. Backstaging overworked di 
cussions of control equipment economics and labor union reactions, the con 


ference played up thi Importance ot knowing the characteristi of the opera 


tion to be controlled and of having an adequate theoretical foundation on 
which to erect a design 


While mindful of the Instrument Society of America ontinuimng program 
of joint sessions with all of the socicties active in our field, this editorial pot 


lights the cooperative work of socicties that are set up to aid the professional 


development of engineers tramed in specific regimens. ‘The ¢ inples are proof 


positive of the cross-industry impact of the control engineer. Hh participation 


in cross-socicty work 1s a healthy way to further li professional miterest 


Pik, bDTLORS 
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With linearities to 0.002% attainable in 
the MP-10, an electron microscope would 
be necessary to discern variations from 
true linearity on a straight-line curve in 
a full-range plot. 





REMINDER! 
1956 IRE Convention 
March 19-22 New York 
Visit us at Booth 66—Kingsbridge Palace 
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Analogue Controls MP-10, A 10-inch Diameter, 10-Turn Linear Potentiometer 


Analogue Controls Potentiometers and the William Tell story 
have something in common—the solution of problems involving 
extreme accuracies. In addition, Analogue Controls Potenti- 
ometers have a number of features unthought of in the days 
of William Tell. 


For example, the MP-10, a comparison standard rotation- 
to-voltage transducer, is unexcelled for basic measurement, 
analog multiplication, potentiometer testing and calibration. 


With linearities to 0.002%, and with stable, rugged construction to ensure 
repeatability, specifying the MP-10 will not only provide you with the utmost 


” 


in long-term accuracy, but will also minimize equipment “down-time”. 


In addition to the MP-10, Analogue Controls offers a wide range of extremely 
accurate potentiometers. Analogue Controls is in step with the current design 
concept of making immediately available to you potentiometers to fit your system, 
rather than requiring you to design your system around available components. 


CASE DiameTen (in) 


Find out more about Analogue Controls ry 
Potentiometers by writing or calling to- ——— + =e 
day! Literature and personalized techni- — 


a Sas 
cal service are yours for the asking. 


10 ” o 

15) 

29) 
In addition to the above large variety of 
immediately available standard potenti- 


ometers, Analogue Controls designs po- 
tentiometers to meet specia! requirements 


nO. OF TURNS 





logue Controls, Ine. 








3S ROSELLE STREET. MINEOLA, N.Y 
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A MESSAGE TO AMERICAN INDUSTRY ONE OF A SERIES 


After the Great Ford Foundation Gift... 


What Still Remains To Be Done 
To Provide Decent Faculty Pay 


The Ford Foundation’s gift of a half bil- 
lion dollars to our privately supported col- 
leges, medical schools and hospitals, now 
being distributed, is magnificent. But it 
will be much more magnificent if it in- 
spires completion of the job to which it 
gives a lift. So far as the colleges and uni- 
versities are concerned, this job is prima- 
rily to rescue their faculty members from 
being second-class citizens economically. 

Even in a period when we have become ac- 
customed to astronomical financial figures, a 
half billion dollars remains an eye-popping 
gift. In fact, it is so imposing that a good many 
people who don’t read the fine print are apt to 
conclude that it must just about solve the finan- 
cial problem to which it is addressed. 


Goes Only a Small Way 


However, we have allowed college professors 
to fall so far behind the parade financially that 
the share of the Ford half billion dollar gift 
going directly to the improvement of faculty 
salaries ($210 million) will go only a small 
way financially toward doing what is necessary 
to provide adequate salaries. 


Completion of this job for our privately 
supported colleges and universities calls 
for: 


1. An increase in faculty salaries at least 
five times as great as that made possible by 


the Ford gift merely to restore salaries to 
their 1939 purchasing power level and an 
increase fifteen times as great to provide 
adequate salaries today. 


2. Some difficult and courageous deci- 
sions by the heads of the colleges and uni- 
versities in apportioning the grants re- 
ceived by them. 


Terms of Gifts to Colleges 


The $210 million of the Ford Foundation 
gift going specifically to improve faculty sala- 
ries is being distributed on the following basis: 
Each of 615 privately supported, regionally ac- 
credited liberal arts and science colleges and 
universities receives a gift about equivalent to 
its last year’s teaching payroll. For ten years 
only the income from these gifts is to be devoted 
to raising faculiy salaries. After that all the 
money can be spent in any way the institutions 
receiving it see fit. There is no re quirement that 
universities having other than liberal arts and 
science schools limit use of the gifts to improv- 
ing salaries in these schools alone. They can 
spread it right through all their faculties if they 
wish. 

In addition to the gift of $210 million 
specifically directed to increasing faculty 
salaries, another gift of $50 million goes to a 
group of 126 institutions selected for spe- 


cially noteworthy leade: hip in improving 
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What's Happened to College Faculty Salaries* 
INDEX (1940= 100) 
180 























80 80 
YEAR YEAR 
1940 1954 

° Real Income before Taxes, 


Source: Council for Financial Aid to Education, U, &. Dep't ot 
Commerce: U. 8. Dep't of Labor. 








the status and pay of teachers. For these 
schools the individual gifts add about 50% 
more to the amounts coming from the $210 
million fund. They can be used to improve 
faculty salaries if the institutions choose to 
do so, but this is not required by the terms of 
these gifts. 


The $210 million plus the $50 million should 
yield an income of $10-$13 million a year. Even 
if all this is used to raise salaries, it will be 
only a small step, however worthy, toward the 

200 million per year the colleges need to meet 
their salary requirements adequately. 


Helps Some Who Need It Most 


In focussing its gift to improve faculty sala- 
ries in privately supported liberal arts and sci- 
ence colleges, the Ford Foundation aims at least 
part of the help at the spot where it is most des- 
perately needed. Numerous surveys have indi- 
cated that the most poorly paid of all college 
and university faculty members are those in 
small, privately endowed liberal arts colleges. 


But the overshadowing fact is that the 
teachers in our colleges and universities as 
a whole are badly underpaid. Just how badly 
is indicated by the chart above which first ap- 
peared in an earlier editorial. (Figures later 
than those for 1954 are not available.) 
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The Ford gift will turn the indicator of fac- 
ulty salaries, which now lies far below the gen- 
eral salary trend, upward a few points. And it 
will do this in some places where salaries are 
below the wretched average shown by the chart. 


But the Crucial Test Remains 


College and university administrators will 
have the opportunity to extend further the proc- 
ess of getting the help provided by the Ford 
Foundation gifts where it is most needed. In 
general, this will mean giving it to senior fac- 
ulty members, in order to hold experienced 
teachers and make college teaching attractive 
as a career. But to make such a division in many 
schools will take extraordinary fortitude. 


The crucial test of the success of the enter- 
prise of the Ford Foundation in raising faculty 
salaries will lie in whether it prompts the rest 
of us —college alumni, individuals, business 
firms and legislators alike — to see that it is a 
great beginning, not a signal for a recess. 


Even with the Ford gifts providing $ 10- 
13 million a year, our privately supported 
colleges and universities must have an in- 
crease of about $190 million a year to 
provide decent faculty salaries. 


This is a job far beyond the capacity of 
the Ford Foundation, imposing though 
that is. It is a job far beyond the capacities 
of a few hundred large corporations and a 
few thousand wealthy individuals. If it is 
to be done, it is a job at which all of us 
must work with a will. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nationwide developments that are 
of particular concern to the business and pro- 
fessional community served by our industrial 
and technical publications. 


Permission is freely extended to newspapers, 
groups or individuals to quote or reprint all or 
parts of the text. 


Reuata Umbra 


PRESIDENT 


McGRAW-HILL PUBLISHING COMPANY, INC. 
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@® Adverse atmospheric conditions and 
IMPacts become important considerations 
when your control units must perform at peak 
efficiency with long-life expectancy. Hermetic 
Sealing at Guardian Electric is correctly done 
—surpasses all rigid quality inspection stand 
ards— provides complete protection for your 
control units. It is ‘‘specialized’’ Hermetic 
Sealing that meets every requirement of 
MIL-R-6106-A and MIL-R-5757-B. When 
specified, it is sealing done under the careful 
scrutiny of government inspectors. 


Typical GUARDIAN Containers and Terminals 


g 5 of 


Guardian is exceptionally well-versed in the latest 
control design, manufacturing and sealing techniques, 
especially for transferring power through any type 
of Hermetically Sealed container. Our sealing spe- 
cialists are equipped with special devices to evacuate 
the container, introduce the inert gas and test for 
possible leaks. No guesswork. Therefore, the depend- 
ability of Guardian Hermetic Sealing is foretold in 
es... s laboratories to your special advantage. 7 
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1623-C W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LEME OF COMTROLS SERVING AMERICARM tHDUSTARY 
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New, low cost, versatile 


$ ’ - : 


INDUSTRIAL COUNTER 


Measures frequency, speed, rpm, rps, random events 
Measures weight, pressure, temperature, acceleration* 
Direct numerical readings 1 cps to 120 KC 


High accuracy, simple operation, compact, rugged 


* — «hp- 521A—$475.00 


New -/p- 521A is designed to be the most useful, accu- The 50/60 cycle power circuit is used as the time base; 
rate low cost industrial counter ever offered. It measures or, for greater accuracy, a plug-in crystal controlled 
frequency, speed, rpm, rps, and counts random events time base is available at extra cost. There are accessory 
within a selected time interval. With transducers, it power supplies of —150 v dc, + 300 v dc and 6.3 v ac. 
measures weight, pressure, temperature, acceleration Connections are also supplied for photocells and an 
and other phenomena which can be converted to fre- external 60 cycle standard. Lightweight, compact, 
quency. It is direct reading in cps, rpm or rps, and can sturdy; particularly useful with -hp- Optical Tachom- 
be used readily by non-technical personnel. Period of eter Pickups and Tachometer Generators. -hp- 521A, 
count is 0.1 or 1 second; display time can be varied. $475.00 (with plug-in crystal time base, $575.00). 


Honea Other versatile -bp- Counters Se smeeeimmmmmmmmmn 


-hp- 5248 Electronic Count- -hp- 5228 Electronic Counter. 
er with 525 | 526 series Plug- Compact, moderate price ; frequen- 
Ins. Revolutionary all-pur- cy, period or time measurements. 10 
pose, direct-reading counter cps to 100 KC. Reads direct in 
Buy basic counter, plug-ins cps, KC, seconds, milliseconds. 
giving measuring coverage Automatic count reset, repetitive 
you need now. Later add other action. Stability 5/1,000,000, dis- 
inexpensive plug-ins to dou- play length Wariable. Easily used 
ble, triple counter's useful- by nonetechnical personnel. 


ness. Basic counter range: Fre- $915,004. 
quency 10 cps to 10 MC, pe- , 5 
riod 0 cps to 10 KC, stability yp -hp- _ Opti- , 
1/1,000,000. -Ap- 524B, cal Tachometer | 
$2,150,004 — Pickup. Eor meas- 

7 -hp- 508A Tachometer Gen- uring rotation 300 
«hp- 525A/B Frequency Converters extend 524B's range to 


erators. Use with electronic to 300,000 rpm 
100 or 220 MC, increase video sensitivity. -/p- 525A/B, counters, frequency meters to Ideal for moving 
$250.00. 


: ; eos. measure directly 15 to 40,000 _ parts of small en- 
-hp- 526A Video Amplifier increases counter’s sensitivity to rpm. Produces 60 cycle output ergy or where 
10 mv, 10 eps to 10 MC. $150.00 


frequency per revolution; (-/p- mechanical con- 
-hp- 526B Time Interval Unit permits counter to measure in- 508B produces 100 cycles) -/p- nection is imprac 
terval 1 psec to 100 days with accuracy of 0.1 usec, 0.001%. 508A or 508B, $100.00 tical. $100.00 
$175.00. 


Data subject to change without notice. Prices f.0.b. factory. SRack mount slightly less. *W ith transducers. 
oe me ae me ke ee eee ee 


HEWLETT-PACKARD COMPANY 
Electronic Test 3342H Page Mill Road ® Palo Alto, Calif. © Cable “HEWPACK” 


PLEASE SEND INFORMATION ON: 


Instruments 521A __ 5223 __ 5248 & Plug-Ins __ 506A ___ SO8A/B 


Quality, value, 


c 
complete coverage ag 


| Street —— -_ 
| City Zone___ State__ 
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Position 
Versus 
Tachometer 


Speed-matching Systems 


THE GIST: In the web process industries—textiles, paper, board-forming, syn- 
thetic fiber, etc.—succeeding sections of the processing machine must be 
controlled so that the processed material doesn’t break or pile up between 
sections. If the material is strong enough, this can be accomplished by 
controlling the tension between the stands. But if the material is weak, and 
it is impossible or undesirable to hold tension, the elongation (“stretch” or 
“draw’) of the processed material must be regulated. This is done by 
accurately matching the speed of the stands or sections over their operating 
range, thus keeping the ratios of the various roll speeds at the desired values. 

At the present time, two basic systems are used to match section speeds in 
electrically driven processing machinery: position speed-matching systems, 
and pilot-generator (tachometer) speed-matching systems. Each has its ad- 
vantages and limitations. The position technique is more accurate, but the 
pilot-generator technique is cheaper and takes up less room. Read the 
following to find out which one fits your application. 


M. H. FISHER, 
Industry Engineering, Westinghouse Electric Corp. 


The names of the two types of speed-matching 
systems pretty well describe their operating character 
istics. In a position speed-matching system, the angu 
lar position of the driven roll of a particular section 
is compared with the angular position of a master 
reference motor-generator set, or with the angular 
position of the driven roll of another section. The 
comparator is a mechanical differential mechanism, 
and its output (or error signal) is converted to an 
electrical signal and then amplified and used to 
regulate the shunt field of the drive motor to align 
the regulated roll with the reference. This system is 
highly accurate since the regulated sections and the 
reference are locked together. The absolute speed 
of the rolls is varied by changing the output fre 
quency of the reference motor-generator set or by 
changing the speed of the lead section (depending 
on the specific system used), while the speed ratio 
between rolls are varied by changing the belt posi 


tion on a special set of cone pulleys as described 
later. Figure 1 shows a drive motor and differential 
position 
machine 

In pilot-generator 


speed-matching equipment of a_ paper 
tems, the speed of the roll 
is matched by comparing the output of a generator 
or tachometer on the regulated roll with a common 
reference for all the rolls. ‘Whe 
not locked together as in the 
ing system. The steady-state accuracy 
depends on the identical characteristics of the ta 
chometers, and the stability of a di 
rheostat, used to modify the reference 
signal to each section so that the speed ratio 
varied. Absolute speed is changed by adjusting the 
common reference signal. In a purel 
system, there is an additional constant 
under steady-state conditions that 
the load on the section. For thi 
or reset) control is often added to improve steady 
state accuracy. Although less accurate, this system 
is cheaper and more compact than the position speed 
matching system mnitrol 


ious sections are 


position speed-mat hi 


matching 


iw-adjustment 
Omnnon 


Call be 


proportional 
clocity error 
proportional to 


rcason 


integral 


Ihe complete tem 1 
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| 


clectrical, and the mounted in the 


control cabinet 


omparator | 
Figure 2 shows a section of a pre 
drive on a paper machine using a pilot-generator 
speed-matching system 

lable I lists the advantages 


and disadvantages of 
the two systems 


I'hese points are covered in detail 
in the discusion that follows 


Position Speed-matching Systems 


igure 3 shows a schematic of a typical position 
speed-matching system. ‘The common reference 
standard is the adjustable frequency output from a 
small alternator driven by an adjustable-speed dc 
motor. ‘The common alternator drives a small 
synchronous reference motor on each section con 
troller and each synchronous motor provides an 
angular position reference for each controlled roll 
\s mentioned previously, the absolute speed of the 
whole machine can be changed by changing the 
speed of the alternator de drive motor 

If only two sections of a processing machine are 
to be speed-matched, or if speed-matching is required 


FIG. 1. Position speed- 
matching equipment on a 
paper machine. 
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from Start lp 


ections at rest) conventional 


vnchros can be used to transmit an angular refé 
ence between the two rolls. This modification | 
shown in Figure 4. A synchro transmitter is attached 
to the shaft of the lead-section drive motor, and a 
ynchro receiver to the differential cone (instead 
of the In this case, absolut 
speed is changed by varying the speed of the lead 
section drive motor 

The differential error detecting unit shown in the 
dotted box of Figure 3 serves two purpos« It 
generates an error signal proportional to the diffe 
ence between desired speed and actual speed, and 
it makes it possible to maintain a constant ratio 
between desired speed and reference speed. ‘Ihe 
comparator is a mechanical differential as detailed 
in Figure 5. The sun gear of the differential i 
driven by the reference synchronous motor, whil 
the ring gear (integral with the differential c 
belt-driven at 


ynchronous motor ) 


1i¢ IS 
a speed proportional to the speed 
of the regulated section. ‘The planet gear on thi 


differential crank rotates in its own bearings during 


FIG. 2.  Pilot-generator 
speed-matching equip 
ment on a paper machine 





TABLE | 


HOW THE TWO SYSTEMS COMPARE 


POSITION SPEED-MATCHING SYSTEMS 


ADVANTAGES 


Relative speed between sections accurately 
maintained since sections are locked to- 
gether. 

Changes in system amplification do not af. 
fect speed regulation. 

Position-error signal and rate of change of 
error signal both used. 

Operation can be inspected visually. 
Maintenance requirements are low and re- 
stricted to mechanical components. 


DISADVANTAGES 


Requires relatively large space near ma- 
chine. 

Requires more mechanical parts. 

Relatively high cost because of use of pre- 
cision parts. 


PILOT-GENERATOR SPEED-MATCHING SYSTEMS 


ADVANTAGES 


Requires small space near machine. 
Low cost because of few precision parts. 


steady-state conditions, and moves in space only 
when the reference speed or desired speed (ratio) | 
changed, or when the actual speed varies due to 
loading variations Thus the change in angular 
position of the differential crank represents an error 
ignal proportional to the difference in actual and 
desired speeds 

Ihe ratio of desired speed to reference peed I 
changed by changing the position of the belt on the 

Belt position car 
of a crank on the 
lead screw, or remotely by means of a conventional 
imilar to that shown 
in Figure 4 for angular reference transmission \ 


tapered differential and drive cone: 
be changed manually by mean 
ingle-repeater synchro system 
plus or minus 12.5 per cent draw adjustment 1 
usually provided in the taper of the cones, to permit 
draw or stretch adjustments and to compensate for 
reduced roll size after machining 

Ihe error signal represented by the change in 
angular position of the differential crank is tran 
mitted by gearing to both speed ind motion-sensi 
tive transducers 
mall rotary transformer 
It produces a signal 
to its angular offset from a null position 


[he position-sensing device is a 
imilar to an induction 
regulator voltage proportional 
Rotar 


transformer angular travel is limited to about 5 


DISADVANTAGES 


1. Pilot-generator inaccuracies cause trouble. 
2. Load changes result in a continuous error. 


3. Magnitude of error varies with system am- 
plification. 


4. Malperformance is not readily detected. 
5 


Tracking is difficult. 


electrical deg for the regulatu ligure 6 
by means of limit top md a itch on the 
rotor shaft 

Differential crank angular vel 


i mall cle 


ensed by 
generator. ‘The rota former and 
de generator are in motion onl ng the corres 
tate cr tions, the only 
moving elements of the error detect unit are the 
md the nchronot t Lhe reli 
ibility of this unit has been pro more than 


hon pe riod { nder t< idly 
on pull \ 


UU,000 operating hour with | { (hi) | per 
cent down time from LUISE tt y| Oo the 
differential 

\s mentioned previously, dra 


comparator mi lj 
ment is ac omphi hed b ha Ww ) 
the belt that connects the twe Slack 
take up can be wccomph hed by 1 tton-operated 
magnet coils that cause a me 1 of the 
Come pulle y belt 

lhe two signal produced b or detecting 
ontrol unit ofa two 
mtrolled 
hunt field of th evulated 


unit are fed to a 


, 
t 


ge magnetic amplifier, whi 
excitation to the 
gencrator 
tem Uh 


ontrol transtormer 


ct hon 
or motor, in thie ( 
control unit, | 


dry-plate 
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VIG, 3. Schematic of typical position speed-matching system. 
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FIG, 4. Modification of Figure 3, with a synchro sys 
tem substituted to get two-section speed matching. 


resistors, and damping transformers for stabilizing 
purposes. ‘The regulator constants are selected so 
that speed-signal amplification is high compared to 
position-signal amplification. ‘This is comparable 
to a high-level anticipation or error-rate signal, so 
that when load changes occur, considerable forcing 
is obtained to restore the regulated section to its 
original speed. 
lollowing a load change, the output shaft of the 
error detecting unit will assume a new angular 
position, Figure 6, and the section will change its 
angular position relative to the other sections. But 
the sections are actually locked together in speed 
relation by the regulator. Position errors are not 
cumulative, and once a new angular position is  requioted hy, 
assumed, the rolls or other driven members will as 


FIG. 5. Photograph and schematic of differential 
comparator used in position speed-matching system. 
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maintain their relative speeds with respect to each 
other. Actually, the differential comparator gives an 


integrating action. Even with a dead zone, any 


g 
minute difference in speed between the differential 
cone and the reference synchronous motor will 
slowly increase the error signal until it becomes 
large enough to cause corrective action by the regula 
tor. A similar result is obtained with the pilot 
generator system by adding integral control 

hus, changes in amplification in the position 
signal loop will cause the regulator to operate at 
a modified position, and as shown in Figure 5 
the steady-state accuracy of the regulator is not 
affected. Changes in amplification in the speed 
sensitive loop cause a variation in the forcing effect 
of the magnetic amplifier regulator circuit, but only 
the response time to a load change is affected. ven 
gain variations of as much as plus or minus 25 per 
cent do not seriously affect the operation of the 
regulator. ‘his far exceeds the gain variation of the 
magnetic amplifier regulator 

Usually the control system is operating satisfac 
torily if the rotary transformer is near the center of 
its travel range and there is no motion of the 
differential output shaft. On the other hand, if the 
position transformer is at either end of its strok« 
or if the differential output is moving under steady 
load conditions, something is probably wrong. ‘Thes¢ 
simple criteria permit the machine operator to check 
regulator performance without the assistance of an 
electrical maintenance man 


Pilot-generator Speed-matching Systems 


Figure 9 shows a schematic of a typical pilot 
generator speed-matching system. ‘The common 
reference signal is modified by the draw-adjustment 
theostat and bucked against the output of a preci 
sion ac or de generator on the shaft of the regulated 
section. The relative speed between sections i: 
changed with the draw-adjustment rheostat, and thi 
absolute speed is changed by varying the common 
reference signal. When a load change occurs, the 
error signal changes regulator output to correct for 
the speed change that results from load change 
Since an increased error signal is required to increas« 
regulator output, there is a constant velocity error 
proportional to the load on the regulated section, 
ligure 8. ‘This causes a variation in the draw o1 
stretch between sections. ‘This variation is propor 
tional to the error signal and consequently to the 
load on the sections. As mentioned previously, in 
tegral control is added to improve the steady-state 
accuracy of pilot-generator systems. With thes 
systems, accurate speed control can be maintained 
under steady-state conditions if the components are 
chosen wisely and system amplification is sufficienth 
high 

The main component in any _pilot-generator 
system is the precision tachometer. The accuracy 
of both ac and de tachometers is affected by end 


ts 
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FIG. & Comparative steady state and transient per 
formance of the two systems. Constant velocity error of 


pg system can be reduced by increasing system gain 
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play, out-of-round bearings, nonuniform air gap 


and other mechanical inaccur CM In addition, th 


commutator in de generator 


introduces brush cor 


tact variations as well as commutator ripple. Dx 
imaccuracies increase with increasing 
load, primarily because of changes in contact drop 
at the brushes. In systems designed to be accurate 
within 0.1 per cent, at least a 1 megohm load i: 
used with de tachometers. Ac tachometers show 
improved accuracy, and are not as sensitive to load 
change. But the ac 


tachometer 


tachometer output must be 
rectified, and errors may be introduced here. Other 
mechanical errors, such as those listed above. affect 
both types of tachometers and are 
and difficult to locate 

Pilot generator system accuracy drops off as the 
speed of the machine or driven member decrease 
since approximately the same numerical change in 
speed with load is necessary to signal the amplifier 
and the magnitude of both the standard and tachom 
eter speed signals decreases proportionately with 
speed, While system amplification increases at lov 
speeds by the ratio of the change in slope of th 
generator saturation curve, the net result of thes 
changes is that regulator accuracy decreases at low 
speeds. With a 5 to | speed range, regulation 
accuracy 1s about 0.25 per cent at low speeds in a 


usually erratic 


| 
pilot-generator vstem designed to be 
per cent accurate at top peed 


variations, such a drift COMDPTise 


another source of error that can cause unwanted 
in the actual speed of the section hese 


are particularly objectionable in the dry 


\mpliher 


change 

variation 
end of a paper machine between the drier and 
calender sections, or between two calender section 

where speed variation causes tension variation In 
locations such as this, a 2 per cent change in relative 
peed changes the tension in the paper from zero te 
the breaking point Sometimes these variations arc 


overcome by using tensiometer device 

introduced to WN prove 
so that 
errors are introduced from this source as well as from 
Maintenance 


iddition of 


lhe integrating umplifier 
teady-state accuracy, are also subject to drift, 
the reference and the tachometers 
requirements are also increased by the 
usually including a 


more regulator compone nt 


multivibrator and several tubes 

Unlike the position speed-matching system, mal 
functioning of a pilot generator system 1s not easy to 
detect 


onnel are require d 


Sensitive meters manned by competent per 
I:rratic sources of trouble, such 
is loose wires and high-resistance grounds due to mois 
ture conditions, are particularly difficult to locate 


Since the pilot gencrator system requires a continuous 


FIG. 9. Schematic of typical pilot-generator speed-matching system 





FIG. 10 
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l'ypical control cabinet for a pilot-generator speed-matching system 
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FIG. 12. ‘Test results showing effect of load change on a pilot-generator speed-matchi 


error signal to the amplifier, “tracking” or holding th Performance Comparison 
speed of the various sections together is difficult when 
adjusting the operating speed over the permissibl higure 11] show hart re sition 
speed range. Since the various sections may have peed-matching 5) vhen ¢ 1 load 
widely different horsepower requirements and inertia hanged, whul g ilot-generator 
the section motor characteristics may be different, and peed-matching 
the section amplifiers are likely to have different Notice that the 
output performance curves over the speed range of ystem is better 
the system ersus 0.05 per cent for pil 

Low cost is the prim idvantage of pilot gconerato! that the transient ination 
speed-matching systems, with small size a secondar per cent for position system 
feature. Figure 10 shows a typical control cabinet pilot-generator system). Whi 
for a paper mill pilot-generator system. Notice that ystems in their entirety, po 
it occupies about the same space as the control are preferable for speed-mat 
cabinet for a position system shown in Figure ° ( t is the mm 
The position vstem, howeve CCU idditio 


floor pace for the differential mechanism 
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Selecting 
Power-control Valves 


I. THEIR AIR-OIL CHARACTERISTICS 


THE GIST: High performance at high power levels is more and 
more in demand from smaller and smaller control packages, espe- 
cially in the aircraft and machine tool fields. Variable displacement 
pumps, prime movers, and sumps often must be located remote from 
the load because of limited space. This means more line compliance 
and lower dynamic performance. Hence, series valves are being 
used more widely to directly control high-power loads. When this 
is the case, low efficiency is the price of high performance: the valve 
must dissipate some of the power that it receives from the supply. 
Heat exchangers may be needed to cool the hydraulic fluid. 

This article describes the important characteristics of the various 


valves that can control fluid power. An accompanying table com- 


pares hydraulic and pneumatic media for valve-controlled drives. 
Next month, the authors wrap up their discussion by designing, 
for oil and for air, the same type of valve-controlled servo drive. 


J, L. SHEARER and S.-Y. LEE fluids are compared on page 78 for a valye-con 
Massachusetts Institute of Technology trolled ram (see Figure 5) with an inertia load and 
a constant-pressure supply. 

The variable orifice is the simplest fluid-power 
modulator. A very small valve motion can cause a 
large change in resistance to flow. But the pressure 
drop across the valve is not a linear function of 
flow. Figure 1 shows some typical valve design 

The simple relief valve in Figure 2A makes efte« 
tive use of a single variable orifice to by-pass flow 
not required by the load. Flapper and poppet 
valves can control air flow in low-pressure pneuma 
tic systems, Figure 2B, because the mechanical force 
necessary to move the flapper against the low-pre: 
sure air are easily supplied by most transducers that 


A valve-controlled hydraulic drive requires less 
stroke and lower force at the input than a variable 
displacement pump drive of comparable power out 
put. For example, to deliver 10 hp to the load, 
the latter needs about plus or minus 0.5-in, stroke 
at a maximum force of about plus or minus 200 Ib, 
while a valve needs only plus or minus 0,030-in, 
stroke at a maximum force of plus or minus 50 Ib. 

Valve-controlled pneumatic drives for high power 
levels have been developed for pressure levels up 
to 2,000 psi and temperatures (short time operation ) 
up to 2,400 deg F. Though the dynamic perform 
ance of such drives is good, their static performance 
and low frequency performance are sometimes 
hampered by coulomb friction. ‘his coulomb fric 
tion is the result of quiescent leakage, which sub 
tracts from the inflow and increases the valve stroke 
necessary to reverse the load 


have a mechanical output 

lour-way valves have four orifices that act in 
unison. ‘They are often used to get reversing action 
in simple on-off control systems like the one in 
Figure 3. ‘The simple valve in Figure 4 is widels 
used when very precise flow control is not needed 


HYDRAULICS VS. PNEUMATICS Note: Some of this maternal will appear in’ Wluid 


The relative merits of pneumatic and hydraulic Power Control (MIT-John Wiley & Sons, In 
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SOME TYPICAL VALVE DESIGNS 


Three-way spool valve. Balanced poppet valve. Four-way sliding-plate valve. 


FIG. 2. 


Force input 





Single orifice valves 

(A) A simple reliet valve, and 

(B) A flapper-controlled pneumatic 
force amplifier. 


Force output 


Dog-operated four-way valve as used 
to reverse machine-tool work table. 


FIG. 5. 
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Contro/ - Calibrated dia/ , “4 ply 
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(A) 


Simple valve for regulating to constant pressure (A) Three-way valve controlling a differential ram; 
from variable source. Pressure drop across (B) Four-way valve controlling a double-acting rm 
reference orifice must cause a differential force 

on the control piston equal to piston weight. 
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NOMENCLATURE 


Area, in.’ W —weight rate of flow, Ib/sec 
discharge coefficient, ditnensionless X —valve displacement, in 
minimum dimension of orifice, in . = . 
average distance from inlet to metering orifice, in. SUBSCRIPTS 
absolute viscosity, lb sec /in.’ é load side of valve 

pressure, lb/in.’ downstream (except on discharge coefficient, C4 
volume rate of flow, in.’ /se« : exhaust 

fluid density, Ib sec? /in.* initial condition 

absolute temperature, deg F motor 

underlap, in. orifice 

average velocity of fluid through orifice, in. /sec supply 

port width of valve, in upstream 





SINGLE ORIFICE VALVES 


For control with one-way flow: 


HYDRAULIC 

low versus pressure characteris 
tics are nearly parabolic. ‘The 
departure from a true parabola 
when the valve is nearly closed is 
due to viscous friction at low 
Reynolds numbers (pVD/p). ‘The 
flow-pressure characteristic flattens 
for Reynolds numbers less than 
250; for higher values if the valve 
does not have sharp corners'. For o 
larger valve openings, orifice flow Pu/p, 
conditions hold, and 


Q- uA Ton 
p 

















Pressure-flow characteristics for single-orifice hydraulic valve. 


where Cy = 0.60 to 0.65 (approx 
for sharp-cornered orifices), For 
other cases use experimental data. Gas supply 








PNEUMATIC 
Voriable 


For a highly compressible fluid orifice 
, Ao 
like air, the flow-pressure charac 
teristic is somewhat different 
Unlike hydraulic, its shape de 
pends on whether the load is up 
stream or downstream. The up 
stream load case is generally better asf 1 
for decelerating large-inertia loads ye bs 
‘ Bm Pate < Pm/p, » 00d downstream 
Orifice conditions hold throughout 
the range because the very low 
viscosity of air and _ practicable " 

. = 
machining tolerances obviate <2 
Reynolds numbers as low as 250. 7 : R45 
This same low viscosity results in 
apprec lable leakage in clearance # Voriable P, 
spaces. ‘The flow relationship for : ee omer 
air is: 























T T 


#40 





fk ‘eee j 
W = (0.53)CuA, 0.2 04 0.6 0.8 


Pp 0.7 Pn/P, , Lood upstream 
J] 
~ ( fe) ? / [/nitiol condition, p= F (P,+ P| 
Va Pp \ I 

Viw “ “ 

where C, 0.8 to 1.0 








Pressure-flow characteristics for single-orifce pneumatic valve 
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THREE-WAY VALVES 


For bi-directional control. (See 
Figure 5A.) 
HYDRAULIC 

I'he characteristics of two single 
orifices are combined graphically 
to get the flow-pressure charac 
teristic of the three-way valve. ‘Ihe 
computed characteristics for the 
closed-center valve assume perfect 
alignment of orifices that just close 


with the valve centered (no over-. 


laps), and no Reynolds number 
A care 


effect at small openings 


fully made valve was used 








should go 
through zero ordinate at P,,/P, 

0.0. ‘The error is due to the mea 
surement reference (y—0.05 repre 
sents 0.0005 in or to asymme 
trical leakage in The 
slope in the measured zero-+ 
curve is due to quiescent leakage 


Lhe ZCTO 5 CuUIVe 


the valve 


I'heory and practice agree within 
measuring tolerances for the open 
center (underlapped) valve be 
cause both orifices are partly open 
This 


effect of small clear 


when the valve is centered 
reduces the 
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Computed and measured pressure-flow characteristics 
of a closed-center three-way hydraulic valve (no overlap). 
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Pressure-flow characteristics of an open-center (underlap 
) three-way hydraulic 
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PNEUMATIC 


The measured and computed 


characteristics of even pneumatic 
valves agree quite closely at high 
pressures* * The upstream port 


maller to mak« 
load pressure with the valve cen 
tered equal half the 

Characteristics 
for negligible exhaust pressure, so 
flow through the cxhaust orifice is 
critical (Mach | it the throat 


must generally be 


supply pie 


sure®, shown ar 


valve 
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400 600 800 
Pon, tb/in® 


Computed and measured pressure flow charac 
teristics of a flapper-type three-way pneumatic 
valve (one orifice fixed) at high pressures. 
































Computed and measured _pressure-flow 

characteristics of a sliding-plate three-way 

é pneumatic valve (high pressure). 

100 200 300 400 800 600 700 800 
Pa» Ib/in. gage 





FOUR-WAY VALVES 


For bi-directional control. (See 
Figure 5B.) 

For a given supply pressure and 
output force, the ram area in 
Figure 5B need be only half that 
in Figure 5A. Likewise, the valve 
flow in 5B is only half that in 5A. 

Though it is generally much 
more difficult to align four orifices 
than two, the hole-slot-ang-plug 
technique* makes it possible to get 
near-perfect alignment by machin 
ing metering ports when the valve “= 
is partly assembled. 








-08 





Computed pressure-flow charac- 
teristics for a closed-center four- 
way hydraulic valve (no overlap). 
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Pressure-flow characteristics of 
hydraulic four-way valves have 
been discussed in detail by Black 
burn Ihe characteristics illus 
trated here apply only for a sym 
metrical load. For dynamic analy 
sis, if the load is asymmetrical it 
is better to use the three-way 
valve characteristics that describe 








each direction of flow independ 
enth 


Computed pressure-flow characteristics for 
an open-center four-way hydraulic valve 
(underlap equal to maximum stroke) 











FLUID-FLOW FORCES 


I‘here is a steady fluid-flow force — the same direction as valve motion 
that tends to close an open slick when the valve ts opening the 
Ihe force is proportional — force opposes the motion. If im 
to the cosine of the entrance or the same direction as valve motion a ae 
exit angle (6) of the jet formed when the valve is closing, the —s ; , 


by the orifice, relative to the axis force aids the motion Pr, 1 Valve 


valve® 





piston 
of the valve motion, thus 


Piscete @ LSAAP P4) cos 0 yee al, oS 
dl 








l'here is also an unsteady flow 
force proportional to the rate of , 
change of flow (fluid acceleration), "© Ya!ve 1 con tant, Metering orifice of typical slide valve 


or, when the pressure drop acro 


and in a direction depending on , Cool 2(P »4) aX 
~ ate y f / 
the flow direction’. If flow is in \ 
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HYDRAULICS VS. PNEUMATICS FOR VALVE-CONTROLLED DRIVE 





FACTOR 


HYDRAULIC FLUID 


COMPRESSED GAS 





1. OVER-ALL SYSTEM 


COMPLEXITY 


Pump, pressure control, sump, filter, and heat 
exchanger 


Multi-stage compressor with interstage cooling, 
pressure control, filter, dryer (no return line) 





2. WORKING FLUID 


High quality mineral base oils with additives, 
water base solutions, synthetic liquids. (All ex- 
pensive — some flammable) 


Air, nitrogen, products of combustion 





3. EFFICIENCY 


Seldom over 60 per cent 


Seldom over 30 per cent 





4. OVER-ALL SIZE 


Approximately the same for a 


given supply pressure 





5. EASE OF ENERGY 


STORAGE 


Air- or spring-loaded accumulator 


Simple tank 





6. LUBRICATION OF 
MOVING PARTS 


Usually good ~ sticking valves usually due to 
poor design or dirty fluid 


Small amounts of grease help seals to last — 
air has negligible lubricating qualities 





7, SUSCEPTIBILITY TO 


MOISTURE 


Will not attock corrosion resistant materials — 
small amounts of water will eventually dis- 
solve traces of acids or salts in mineral base 
oils and attack corrosive materials. Regulor 
change of working fluid generally recom- 
mended at fixed intervals of time 


Corrosion resistant materials recommended 
throughout pneumatic systems due to com- 
bination of small amounts of moisture and 
other contaminants in atmosphere. Small 
amounts of water con freeze valves and ren- 
der them inoperable below 32 deg F 





8. SUSCEPTIBILITY TO 


CONTAMINATION 
(VARIOUS KINDS 


OF DIRT) 


Closely fitted valves (0.0002 in. clecrance) 
stick very easily except when best dirt filters 
are used. Oil has “washing” action that dis- 
lodges particles thot would adhere to walls 


Less trouble than with oil. Foreign particles 
seem to drop out of air before it gets to valve. 
Little “washing” action apparent with air. 
Dirty combusion products are troublesome 





9. EASE OF MANUFACTURE 


Valves usually require great core. Precision ma- 
chining usually required throughout 


Same as hydraulic, but valves need more care 
and tight seals are difficult to attain 





10. SAFETY OF OPERATION 


Leakage of flammable fluids o fire hazard. 
High velocity jet can pierce skin and cause 
blood poisoning. Fluid can couse serious eye 
inflammations. Not explosive 


Flying debris from a rupture can be very dan- 
gerous. Explosions possible when small 
amounts of volatile fuel such as oil are present 
in air ~ not with pure nitrogen 





11. TEMPERATURE SENSITIVITY 


Most hydraulic fluid viscosities change greatly 
with temperature changes. Unequal expansion 
of dissimilar materials can give serious trouble. 
(Some “orifices” behave as orifices only when 
fluid viscosity is low). If temperature is too 
high fluid vaporizes —if too low, it solidifies 


Since viscosity of most gases is much less than 
that of hydroulic fluids relatively little trouble 
con be expected from viscosity changes. Some 
trouble as with hydraulic systems when dis- 
similar materials work together. Neither lique- 
faction or freezing are common 





12. VALVE STROKING 


FORCES 


Both steady and dynamic flow forces are often 
significant. Stiction due to dirt or lateral forces 
(pressure unbalanced) is common in control 
valves 


Neither steady nor dynamic flow forces is often 
significant due to low fluid density. Steady 
flow force con cause high velocity (1,000 fps) 
at throat of control valve. Lateral forces very 
troublesome because of lock of lubrication. 
Stiction due to dirt seems less troublesome 





13. PRESSURE RANGE 


50 — 5,000 psig 


5 — 3,000 psig 





14. RELATIVE SPEED 
OF RESPONSE 


Usually better than any other means of con- 
trol at some output power level 


Not as good as same system with hydraulic 
fluid; better than electric drive at same power 





15. DRY FRICTION ACTING 


ON OUTPUT SHA 


FT 


Con cause excessive steady errors in a position 
servomechanism, especially when an open- 
center valve is used 


Steady errors in position servomechanism more 
serious than in some hydraulic drives. Can also 
couse large low frequency phase shift 





16. QUIESCENT POWER DRAIN 


Usually less than 10 per cent of maximum out- 
put power with a closed center valve. Up to 
100 per cent with open center valve 


Up to 20 per cent of maximum output power 
with closed center valve. Up to 100 per cent of 
maximum output power with open-center valve 





17. ROTARY MOTORS FOR 
CONTINUOUS CONTROL 


Many types commercially available. Some work 
ot pressures up to 5,000 psig 


Few available —none at pressures above about 
100 psig 





18 


CONTROL 


ENGINEERING 





A BASIC ADVANCE IN SYSTEM SAFETY: 


“FAIL-SAFE” Gets New Meaning 


When a component in a control system fails, it can cause the system to 
revert to a safe static condition—or it can create a ruinous condition of 
uncontrolled runaway operation. Designers have put long and earnest 
effort into component reliability. But, because failure possibility can never 


be eliminated, efforts have been made to design systems so that a 


/ 


‘safe’ 


condition of control will result in the event of component failure. Despite 
these efforts, almost all modern control systems contain several possibilities 
of unsafe failure. The fact is, component reliability is no substitute for 


system safety. 


Here is a new and startlingly simple approach to “fail-safe” system oper- 
ation that goes back to the conceptual stage of system design. It applies to 
control systems of any type and complexity. And it is basic to the system 
concept: it will work no matter what engineering specialties are involved 
—electronic, electromechanical, hydraulic, or whatever. 

Best of all, for all its invaluable protection, the new fail-safe concept 
calls for very few extra components in most systems. It can be applied to 
even the oldest existing system at very little cost. 


W. G. ROWELL, Scully Signal Co., and 
A. B. VAN RENNES, MIT 


In the past, the term “fail-safe” has been applied 
to systems that remain safe when power fails. It has 
been associated also with “safe-start’” systems, which 
cannot be started unless certain system conditions 
ire met. Though it is agreed that these systems have 
many possibilities of unsafe failure, they have been 
approved by official testing laboratories on the theory 
that unsafe failure conditions are “inherent” in cle 
tronic circuits and physical system: 

Inherent unsafe failures in electroni 
can be loss of emission, or open heater, plate, or 
cathode resistors in the case of a vacuum tube that 


equipment 


is normally nonconducting; a grounded control grid 


short in the case of a normally 


or grid-to-cathode 
conducting tube 
component failures that cause to be produced at the 


output the effect of a normal output signal 

The truly “fail-safe 
absolutely no equipment 
without an appropriate 
signal may warn, may shut down the equipment, or 
standby system 


I hese failures can all be defined a 


system is one in which 


malfunction can occur 


signal being given. ‘Thi 
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monitoring system. 


FIG. 1. Fail-safe light 





VIG. 2. Same system as 
Figure 1, except oscillation 
is generated by feedback. 


satiated 


(Feedbock-controlied chopper) 


allows the alarm to sound. If the monitoring system 
fails, the oscillation stops and the resulting continual 
“safe” signal actuates the alarm 

The Scully-Rowell fail-safe technique is essentially 
that of continually “exercising” the monitoring 
system to prove its operability. ‘The frequency of the 
oscillation impressed on the system is determined 
by the speed with which alarm must be given 
following failure of the condition to be sensed. ‘The 
safe-unsafe oscillation period must be slightly shortet 
than the maximum allowable alarm lag 

Monitoring of security systems and slow-acting 
processes may only 


require one oscillation every 
several minutes 


In the surveillance of combustion 














| Alarm 
relay 
(High-voltage coil) 


Fail-sofe 
to here 


——————— 


FIG, 3. Failsate demodulator with no mechanical oscilla 
tions. ‘The alarm circuit relay energizes on a voltage higher 
than the highest source in the system. 
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control systems and in the control of nuclear rea 
tors, an extremely high monitoring frequency may be 
necessary 


“Unsafe” Simulation 


There are several ways to modulate the ifc 
operating signal to produce the required oscillation 
A basic form of fail-safe monitoring equipment | 
shown in Figure 1. Here the condition, or signal 
to be sensed is a light beam. An alarm or protective 
action is desired if the light beam should fail 

Failure of the light beam can be simulated by a 
motor-driven chopper. ‘This periodically prevents the 
beam from reaching the photocell and, via_ th 
amplifier, causes the relay armature to oscillate from 
contact A to contact B. In position A, 
I, charges capacitor Cy. In position B, current | 
transfers the charge from the alarm suppression cu 
cuit to the alarm relay circuit. ‘The time constant 
of the alarm relay circuit is slightly longer than the 
period of oscillation of the light beam to hold off the 
alarm or protective device during normal operation 

Note that the relay arm in the alarm suppres 
sion circuit must oscillate to prevent the alarm from 
sounding. If the relay contact (which is the non 
bridging type) stops in either position A or position 
B, one or both of the capacitors will discharge and 
allow the alarm relay to close. Thus the oscillating 
condition must exist to suppress the alarm 


current 


Note also that the monitoring circuit of Figure | 


is an open-loop system. ‘The oscillation is caused 
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FIG. 4. Periodic depression 
of float by feedback tests 
water-level monitor. Float 
must rise by buovancy. For 
oscillation 


values shown 
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FIG. 5. A simple fail-safe 
temperature monitoring sys- 
tem. 


by a free-running externally driven chopper. Feed 
back is not necessary to the fail-safe technique, but 
it can be used to generate the required oscillation 
within the monitoring system, as in Figure 2 

If the light source is an electric lamp (rather 
than, say, an oil burner flame), the lamp itself can 
be modulated, thus avoiding the problems of me 
chanical light interruption. Again, both free-running 
and feedback modulation of the light is possible 

In both Figures | and 2, the alarm suppression 
circuit is inherently fail-safe, provided contacts A and 
B on the oscillating relay are isolated from each other 
so a short cannot occur by normal circuit failure 
(.c., without tampering An alternate 
suppression circuit is shown in Figure 3 


alarm 
wh T¢ d 
an alarm circuit 
relay that has a high operating voltage. No other 
voltage in the system is high enough to operate the 
alarm relay. 


step-up transformer is used to supply 


All of these circuits are fail-safe up to but not 
including the alarm circuit. If desired, the fail-safe 
technique can be applied to the alarm circuit and 
to the alarm or protective device. A special relay 
‘contact checking” circuit has been developed for 
this purpose 

If the oscillating relay in the circuit of Figure: 
| and 2 stops on the contact B it generally indicates 
loss of the monitored signal. If it stops on contact 
\, it indicates failure of the monitoring system. Thus 
a second set of contacts on the oscillating relay can 


be placed in series with the alarm or protective 
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circuit 


> 4 














: + 














device. ‘This would prevent sounding the alarm or 
shutting down the monitored system in the case 
monitor fail \ 


would indicate the monitor failure 


where only the econdary alarm 


Other Fail-safe Examples 


Getting away from pure clect: failures in 


steam-boiler water-level monit i systems have 
been responsible for more than per cent of 
Powe! 
Publishing Co September 1953 
mitrol \ 


| wore trate i 


industrial boiler explosions in re 
McGraw-Hill 


ligure 4 shows how a water-level 


nt ycatl 


tem can 
be made fail-safe imple 
temperature monitormg circuit that has been made 
cnsing clement 
of this fail-safe tech 


pe ihe desig 


fail-safe by modulating the bimetal 
In general, cach application 
nique represent a cnginecning prob 


lem. For example, frequency of the monitoring 


oscillation must not be near that of the power line 


or any other frequency common to the ystem 


Monitoring frequencies that could be produced by 
oscilla 
in the case of certain filte component fail 


ures, should be W her 


is used, care must be taken that 


amplifier motorboating low-frequenc 
tions 
avoided i final alarm relay 
normal compeoncnt 
failures or insulation breakdovw annot cause the 
relay to be energized directly from a power source 
Again, no fail-proof. But 


they can be made fail-safe 


system can be made 


U.S. and foreign patents are pending and issued 
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on the technique s described in this articl 
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NONLINEARITY 
IN CONTROL SYSTEMS 


PART II-METHODS OF ANALYSIS AND SYNTHESIS 


Techniques for analyzing nonlinear control systems guide the designer 
toward more efficient and effective synthesis—that is, toward the selec- 
tion of efficient and economical measures for improving system per- 


formance. This article discusses several of these techniques. Two of 


them are illustrated by the example of a contactor servo problem. 


R. J. KOCHENBURGER 
University of Connecticut 


amiliarity with methods of analysis increases the 
designer's ability to cope with nonlinearities in feed 
back control systems. Before the development of 
useful methods of analysis and synthesis a system 
designer often avoided or ignored these nonlinear 
effects—usually because they made the analysis too 
difficult. ‘Therefore, the designer often missed op 
portunities for using these nonlinearities to improve 
the system’s performance. A knowledge of the fol 
lowing methods aids the designer toward fuller real 
ization of a system’s capabilities 


DIRECT SYSTEM TESTS 


In the early years of control system development 
the only analytical means available to the designe: 
was a test of the system itself. ‘Thus, a system test 
was run for each trial adjustment of the design con 
stants, Synthesis could be achieved, but only indi 
rectly: by a number of trial and error adjustments. 
In some systems the numerous permutations and 
combinations of such adjustments made synthesis 
impractical, and the designer found he was “work 
ing in the dark”’. 

For a variety of reasons a direct test may not be 
feasible. Perhaps the control system is still in the 
design stage. Perhaps the device being designed is 
of the “one shot” type, such as a guided missile, 
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making repeated trial and error costly and hazardou: 
Or perhaps an industrial process already in operation 
cannot be interrupted for tests without expensive 
curtailment of production. When problems such as 
these exist analog computer tests help determine 
optimum design constants. 


ANALOG COMPUTER TESTS 


A system’s analog is simply a model that repre 
sents the physical quantities of the system in a form 
that is convenient and economical in both construc 
tion and test procedure. ‘The analog obeys the sam« 
mathematical equations as those which describe the 
dynamics of the actual system. For example, hydrau 
lic flow tables have been used successfully as analogs 
of nonlinear systems 

Che most familiar form of analog, and possibly the 
most versatile, is the electronic analog computer’. 
Ilere, electrical voltages represent the physical quan 
tities. ‘The computer performs the familiar linear 
operations of addition, subtraction, integration, dif 
ferentiation, introduction of time constant, etc. Like 
wise, the electronic analog computer aids the study 
of nonlinear systems 

Figure 1A shows an example of nonlinear analog 
\ nonlinear relationship (which might conceivably 
occur in practice) is between the input and out 
put of a system component. This relationship is 
characterized by an “inactive zone”, by an initially 
increasing slope, and then by a saturation effect. ‘The 
circuit in Figure 1B shows one way to represent this 





A NONLINEARITY 


FIG. 1. The curve in Figure 
1A represents a nonlinearity 








with a dead zone, a rising 
slope, and a saturation effect. 
The circuit of Figure 1B 
simulates this curve on an 


electronic analog computer 
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8 PRACTICAL CONTROL TIPS BASED ON NONLINEAR ANALYSIS 


1. Response damping can be effectively improved by 
the introduction of coulomb friction at the output shaft 
of otherwise linear servomechanisms, provided that the 


input signal is stationary, consists of simple step 
changes, or varies about a constant mean value. When- 
ever the input command varies unidirectionally, the 
damping effects of coulomb friction are lost, although its 
detrimental contribution to system error still exists. 

2. In contactor systems, some inactive zone is always 
necessary to avoid self-sustained oscillations. 

3. Any nonreversible input-output relationship in a sys 
tem component (magnetic or dielectric hysteresis, back- 
lash or free play, contactor hysteresis or detent action, 
etc.) detrimentally affects stability, and can cause an 
otherwise nonoscillating system to exhibit self-sustained 
oscillations. 

4. Contactor time delays in contactor control systems 


detrimentally affect stability and may sclf-sus 
tained oscillations 
5. Adequate servo motor damping or braking in the 
neutral correction interval improve: 
tion of contactor systems 
6. Describing-function analysis shows the effects of satu 
ration and simple limiting to be equivalent to a reduc 
tion in gain at high operating frequencies 
ticularly significant in systems that employ phase lag 
networks to improve system operation. Here the systems 
become less stable when the gain is reduced 

Limiting the output velocity of a servo improves r 
sponse damping in face of large disturbanves and intro- 
duces a beneficial phase lead. 
8. Limiting the acceleration (as might be done for pro 
tective purposes) introduces a phase lag 
stability may be adversely affected 
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VIG. 2. This electrical circuit simu 
lates simple backlash on a computer. 
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al 


VIG, 3. A slight nonlinearity can be represented by 
the curve’s slope about the operating point. But a large 
variation in the operating point may negate the method. 





+ Input, 7 


nonlinear characteristic on the computer. It oper 
ates as follows: 
P the bias voltages ¢, and associated rectifiers pro 
vide the inactive zone effect 
Pas the input voltage increases beyond the inactive 
zone the output voltage first rises at a moderate rate 
because of the moderate gain of amplifier #1 (de 
termined by the ratio of Re to R, ) 
Pas the input increases further, one of the rectifiers 
associated with e, becomes conducting and reduces 
the amount of negative feedback in amplifier #1 
The reduced feedback increases amplifier gain and 
thus increases the curve’s slope 
> and, as the input voltage increases still further, one 
of the rectifiers associated with e, 
limits the output voltage of amplifier 
the saturation portion of the curve 
If the rectifiers in this circuit were truly ideal, a 
plot of the output-input relationship reproduced by 
the circuit would consist of straight-line segments 
that approximate the true curve. But because the 
rectifiers used in practice will not possess absolutely 


and 
to simulate 


“outs in” 


4? 
bh» 


84 CONTROL 


ENGINEERING 


sharp cutoff characteristics there will be a “firing 
of the curve. Hence, by proper design and selection 
of constants and components the actual nonlinear 
relationship can be reproduced to a reasonably faith 
ful degree. More exact representation is possible by 
the addition of more rectifier elements and more crit 
ical adjustment of parameters 

Many important nonlinearities, such as hysteresi 
and backlash, depend upon past history. These ef 
fects can also be reproduced by analog computer cit 
cuits. ‘The circuit in Figure 2 simulates mechanical 
backlash 

Analog computer schemes, such as those described 
above, represent typical nonlinear effects appearing 
in control systems. ‘The direct testing procedure can 
therefore be transferred from the actual system to at 
electronic model 


[hus, many practical objection 
associated with direct system testing may be avoided 
However, the fact still remains that analog tests, a 
well as actual system tests, perform a basically ana 
lytic service. With these two methods synthesis is 
still an awkward trial and error procedure. But ana 
log computer studies can be more useful if they are 
correlated with mathematical studies based on on 
of the following methods of analysis. 


TRANSIENT RESPONSE APPROACH 


When a nonlinearity is slight (within a given rang 
of operation) its effect may be treated as though it 
were linear®. Figure 3 shows a nonlinear characteris 
tic that may be approximated by a linear relationship 
for small deviations from a nominal operating valuc 
The curve’s “linear” slope describes performance, but 
it should be noted that this parameter may vary as 
the operating point changes. Given such an approxi 
mate linearization procedure, conventional transient 
analysis techniques or more sophisticated versions, 
such as the root locus method*, may be applied 

When the nonlinear effect is more marked o1 
when the variables deviate so much from the operat 
ing point as to preclude the above method, then 
system transient analysis becomes more difficult 
However, classical methods of numerical or graph 
cal integration may be employed. Highly developed 
in the field of fluid transient analysis, these method: 
also apply to feedback control problems 

Piece-wise the differential 
equations apply particularly to the analysis of control 
systems that use contactors or that are characterized 
by coulomb friction 


solution of system's 


Here the nonlinear parameter 
stays constant during a given interval of the corre« 
tion process and then changes abruptly to another 
constant value as the correction conditions chang 
I'he classi 
cal transient analysis approach requires that the equa 
tions be expressed for each new interval, with the 
initial conditions from the previous interval inserted 
in the new equation 


‘The system is linear during each interval 


The basi principle of piece-wise solution was pro 
posed by Hazen in 19344, and since has been ex 





tended by others. Hazen considered relatively simpk 


systems and managed to derive analytic relations 


based upon the requirement that the final condition 
condition Fron 


ibject 


be matched with the new initial 
this he determined whether a given tem 
to a disturbance would settle down or would exhibit 
teady-state oscillations. In the latter 
rrequenc\ and amplitude of the os 
found 
led to \ 


inalytic process 


PHASE-PLANE METHOD OF ANALYSIS 


Another version of the transient re 


ituation the 


itons could be 
Subsequent improvements of this approach 


rious graphical procedures that implify the 


pol 
is the phase plane method lwo 
method 


tand out: it give " DI il port 
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the re pors¢ which leads to iph cal picture 


is occurring, and it is especially adaptable to system 
vunthesi his method wa proposed ome time age 
with respect to analysis of contactor servomecha 
nisms 


] 


lhe phase-plane method appears particul 


ful when dealing with gross nonlinearities. It is lim 


ited, however, in that the basic method is restricted 
to systems describable by second-order differential 
But fairly elaborate technique 


use to higher-order systems, such as the phase-spa 


equations extend it 
method for third-order systems 

Fortunately, because many complicated system 
can be approximated as simple second-order system 
the phase plane method serve to advantage ev 
though it may not constitute a 


portrayal of performance 


\ PRACTICAL EXAMPLI 


The construction of trajectori higure ( 


complete ccurat 


their development into a phase-plane diagram 
ure 7) follow this introductory anal) 


An exampl of a contactor servomechanism (1) 
ure 4) best describes the phase-plane method. Here 
the tem error equals 

l RK wher 
I; is the error voltage 


R is the 


ensing potentiometer due to input position 


voltage de cloped icross the Input position 
C is the voltage developed cross the itput positio 
ensing potentiometer duc to output posits 
lhe error voltage operat the polarized relay th 
controls the direction of rotation of the reversib! 
motor. Whenever system error exceeds certain 
its correction 1s applied. And an error within th 
limits results in a neutral interval (no correction 
Suppose the input signal R is a step-change. ‘Whe 
the response of error [: and output C is of inter 
In the implest case only the lag caused by moto 
and load inertia need be 
© that 


> with neutral correctio mote 


con idered lurther i Lilie 


balanced operation 
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correction 
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bic... 4. This circuit illustrates an clementary contactor servo 
ystem, analyzed in some detail in the text by both the phase 


plane and describing-function methods of nonlinear analysi 


| 
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tandstill b igure 1B show the output 
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vary exponentially with tin 
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When the input of the contactor servo of Figure 
4 is nonvatying (as during the period following a 
step change) the error's time rate of change be 
comes simply the negative of the output's rate of 
al alelalel -mmel: 

| FL | ae el Oi 
Figure 6A shows the plot of E’ versus time, for the 
conditions that E’ was initially plus R and that 
Tidal tam olel tik ames] meal -ihige| Mi delad-lailolsmmalel Mel -1 lime! ») 
elit tems) Mill me leh] 

The curve in 6B plots the increment in error E 
itself, under the same conditions. Here, the symbol 
E,, represents the initial error at the time the new 
fold mohmaclae-tailelim cel mel s) litte 

The phase-plane diagram (simply the plot of E’ 
versus E) can be easily constructed by graphically 
projecting-the values of E’ and E-E,, (shown in 6A 
and 6B) to the plot in Figure 6C. Arrows on the 
elalel\ os ollelal-MBige]|-telelal-. igela MB iil me oleclela-t 1) of the 
operating point as time elapses. Note that the 
phase elie tals igellteielay felamal-ltliaelMaelad 1ailelsmeL mee 
straight line of slope L/T 

The phase-plane trajectories on this page refer 
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Tallilelmaslaleliilclil mc ael lems! -Mlel-talilael Mime ile) sl -melile 
would differ only in their position along the hori 
zontal axis. The trajectories for negative correc 
tion are similar to those for positive correction 
except for an inversion of both axes. The neutral 
correction trajectory lies below the axis for nega 
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THE PHASE-PLANE DIAGRAM 


SPECIFICATIONS for contactor servo in Figure 4 
Positive correction when E is greoter thon plus 0.5 deg 
Negotive correction when E is less thon minus 0.5 deg 
Keutral correction in the inactive rone (between plus or 
minus 0.5 deg) 
Numerical constants for the system. 
Runaway velocity, R = 100 deg sec 
Time constant, T = 0.100 sec; 
(T,.<7. 27,47) 
Input: a sudden step change in position 


~/nterval No.1 
positive correction 


WHAT'S HAPPENING IN THE SYSTEM 


INTERVAL 1: The initial error E of plus 5 deg applies 
immediate positive correction. The initial rate of change 
of error (E’) is zero. Hence, the trajectory starts at the 
point E= 5, E’=0. The ositive trajectory curve follows 
that shown in Figure 6A, but it is translated horizontally 
to meet the initial conditions (the specified starting 
point). This trajectory ends when E becomes plus 0.5 
deg or where the neutral correction interval starts. 
INTERVAL 2: This neutral-correction trajectory starts 
where the previous trajectory ended. The neutral trajec- 
tory is a straight line of slope —1/T= —10 deg/sec 
per deg. This trajectory ends at the other end of the in- 
active zone, where E becomes minus 0.5 deg. Then 
negative correction starts. 

INTERVAL 3: The negative-correction trajectory is ob- 
tained by inverting both coordinate directions asso- 
ciated with positive correction of Figure 6C. Then it must 
be translated horizontally until it passes through the 
operating point that corresponds to the end of the pre- 
ceding interval. A maximum undershoot of minus 1.7 
deg occurs and then the interval ends when E again 
becomes minus 0.5 deg and the inactive zone is entered. 
INTERVAL 4: This neutral-correction interval ends when 
E becomes plus 0.5 deg. 


INTERVAL 5: The second positive-correction interval fol- 
lows an identical trajectory curve as does Interval 1, 
except for the horizontal translation because of the dif- 
ferent conditions at the start of this new interval. A peak 
overshoot of plus 0.9 deg occurs, and the interval ends 
when E again equals plus 0.5 deg 

INTERVAL 6: This is another neutral correction interval. 
INTERVAL 7: A second negative-interval occurs, with a 
peak undershoot of minus 0.61 deg 

INTERVAL 8: Another neutral-correction interval. 
INTERVAL 9: A third positive-correction interval occurs 
(of relatively short duration), with a second peak over- 
shoot of 0.56 deg. 

INTERVAL 10: This is the final neutral correction interval, 
with the end approached as a limit (mathematically, 
when time is infinite). The final error approaches plus 
0.17 deg. The error remains in the inactive zone until 
another disturbance forces the error to exceed 0.5 deg. 
SUMMARY: The servo, subjected to an initial disturb- 
ance of 5 deg, requires three positive-correction inter- 
vals and two negative-correction intervals. The response 
has an oscillatory tendency but is stable. If additional 
factors or response lags had been present, unstable 
response could have resulted. 
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VIG. 8. When the contactor servo of Figure 4 includes 
hysteresis as well as dead zone, these effects must be accounted 
for in the analysis. Figures 9 to 12 carry through the describ 
ing-function method of analysis for this contactor servo 
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FIG, 9. Figure 9A indicates the start of the various correction 
intervals for the conditions shown in Figure 8, ‘The input 
signal is a sine wave. The correction signal in 9B results in a 
rectangular wave, its approximating sine wave (as determined 
by a Fourier series analysis) shown by a broken curve. 
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FIG, 10. ‘The amplitude and phase shift characteristics for the 
contactor servo derive from the ratio of the input signal ampli 
tude to the approximating sine wave amplitude of the dis 
torted output. Describing function is amplitude-dependent. 
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ilue R Lh 
irving with time as shown in Figure B. Th 
ination follow 


veed then approach 
P| 


thre equation 
( Tes 
where I, is defined as the time constant associated 
with neutral correction, and is not necessarily iden 
tical with 7] and ‘I 
unl the 


will usually be greater 
braking action to the moto 
Such a braking a 


tion is desirable and promotes system stability, and 


CTvo applic 


luring neutral correction pe riod: 


ve assume that it is used in the present exampl 


Hence, J l ! 3 


1 ‘T, simply the time con 
tant of the motor 


Error Variation With Time 


In many instances a designer requires only a phase 


some#tin 


plane plot of the form of Figure 7. But 


lesired. ‘lo get 


a plot of error variation with time is « 
the clapsed time for any given interval the first step 
is to plot the error (I 


error rate 1 /E’ 


* dd 
k 


ind clapsed time equal 


versus the reciprocal of the 
hen the following ipplic 


J (#) ee 


the area under the 1/I 


curve as plotted between the initial and final value 


Interpretaton of the Phase-plane Plot 


Oscillation damping depends primarily on the re 
duction in kk’ that occurs while the system is in th 
inactive zone. ‘Thus, damping may be improved by 
> making the inactive zone larger, but at the expens¢ 
of static accuracy 
having a small time constant during neutral cor 
Small time constants give 


slope | l ‘ 


rection periods a steep 


trajectory slope during the neutral 


period. Therefore, dynamic braking, which reduce 
this time constant, is desirable here 

[he contactor servomechanism considered her 
serves as a relatively simple example of the phas« 
plane method of analysis. Even with additional com 
plications, such as time delay, contactor hysteresi 
an still be 
obtained. Furthermore, other types of nonlinear s\ 


lhe plot 


or coulomb friction, phase-plane plot: 


tems can be studied by this method 


course, result in differently-shaped trayectone 


Limitations of the Phase-plane Method 


lhis method of analysis is of great value to the 
system designer because of the clear graphical por 
trayal of the system’s response. However, practical 
limitations do exist 
© only systems describable by 
ential equation (01 reasonably approximated as such 


can be represented by the phase-plane plot. In the 


a second-order differ 





example given this method could not have bec li used 
with an additional inherent lag or with a lag deliber 
itely introduced by a compensating network 

Pstep- and ramp-change inputs are the only input 
disturbances that can be considered without greatly 
complicating the phase-plane analysis 


DESCRIBING-FUNCTION METHOD 


Ihe describing-function method of analysis dé 
pends on the steady-state response of the system to 
sinusoidal disturbances—rather than the transient re 
ponse as for the methods discussed previously. Thi 
new method permits the same simplifications and 
case of synthesis for nonlinear systems as does the 
frequency-response method for linear systems. And 
as in linear systems, approximate predictions can be 
made about the nature of the transient response of 
the system once its sinusoidal response is known 

By the describing-function approach a nonlinear 
clement is replaced with an equivalent element that 
approximately represents it for 


a given operating 
condition 


This equivalent linear element affects 
the fundamental-harmonic component of the signal 


in the same manner as the nonlinear element being 
represented 


Describing Functions, with Hysteresis 


Suppose the contactor servo of Figure 4 now in 
cludes the hysteresis shown in higure 8. ‘This hys 
teresis means that the relay used in the control cit 
cuit will require a lower error signal to open it (once 
it is closed) than was required to close it initialls 


This is typical of most practical contactors. Figure 8 


indicates response of relay position to an error signal 
Now, both the hysteresis range and the inactive zone 
must be considered in the system analysis 

The describing-function method assumes that the 
input to the nonlinear clement 
case) is sinusoidal 


the contactor in this 
) shows the effect of a 
sinusoidal error signal on contactor operation. Fig 
ure YA represents the 


ligure ‘ 


inusoidal variation of error 
and shows the four instants when the inactive zonc 
boundaries are crossed 
> With EF increasing 
® negative correction ends when EF. becomes minu 
0.4 deg 
bd positive correction start 
6 cle g 
> With EF decreasing 
e positive correction ends when | 
0.4 deg 


> 


© negative 


when | become: plu 


correction starts when E become 
minus 0.6 deg 

If the amplitude of the sinusoidal error signal is 

less than 0.6 deg no correction is initiated. When 

the amplitude exceeds this value a correction pat 

tern results, as is shown in Figure 9B. Here, the 

ordinate represents the contactor output or ° Col 


rection signal”, D. D equal to plus | indicates posi 


become: plus 


tive correcnhion D equal to zcro 
tion, and D equal to minus | 
correction. The correction signal shown in Figure 
9B is therefore a rectangular wave 
Ihe major assumption of the descnbing-function 
method is that the distorted nonsinusoidal output 
of the nonlinear clement can simply be approxi 
fundamental-harmom 


ict | OW-pa filter 


mated by its component 


Since most control system 
that attenuate igh frequencn higher hat 
TOTUCS produced by the nonline il lement are rela 
tively insignificant in the output 

l'o apply this assumption to the example, the 
fundamental harmonic component, 1,, of the rect 
angular wave, D, must be determined, This may 
be done by a Fourier series analysi Lhe resulting 


fundamental component of the output | hown 
by the broken-line curve im Figure 98 

he describing function, analogous to the transter 
function of a linear component, is the ratio of 
the output to input. In the transfer function it 
ratio varies with frequency, but in the de scribing 
function the ratio varies with the magnitude of the 
By assuming different 


error signal unplitudes of 


error signal FE, the corresponding fundamental com 

ponent of the correction signal D, may be computed 

hus. the describing function is the ratio of D, tol 
1) 


or describing function Gp 


G, has a magnitude G, whi 
nitude ratio of D, to k. However 
such as the example her D, will lag I 


mph the mag 
many imstances 
Hence 
the describing function also has a phase angle 2Gp 
associated with it 

10) plots the describing function of the 
hown in Figure &. Note 


that the describing function vanes, not with fre 


higure 
contactor characteristi 
but with error signal 


quency, unplitude I'he 


hvysteresi cttect introduce maximum phrase lag at 


When thes miplituct fall 


below 0.6 deg, correction sudd Cast ind the 


low error amplitude 
magnitude of the describing function sudde rly drop 
from a finite value to zero 


Open-loop Transfer Function 


Figure 11 shows the block diagi of the con 
tactor control system being con 
of two cascaded blocks 
P(,, represents the describing function of the con 
tactor It is a function of error amplitude 
pendent of frequency 
PG represents the transfer function of the servo 
motor § 


md inde 


linear response to contactor orrection sig 
nals. It is a function of frequen 


of error amplitude; it equal 


ind ince 1 ndent 


k 
wil + O.lje 


lhe transfer function around the open loop ] 
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VIG. 11. The block diagram of the contactor servo used in 
the example separates the system into two major functions: 
the nonlinear amplitude-dependent describing function, and 
the linear frequency-dependent transfer function. 


simply —GGpy, where the minus sign results from 
the system's negative feedback. Unstable oscillatory 
operation occurs when the magnitude of this transfer 
function is greater than unity and the phase shift 
equals 360 deg. (‘This is a simplified version of the 
Nyquist stability criteria applicable to elementary 
systems such as the one used in this example.) In 
other words, the condition for stability is simply that 
GUp| > | when Z —GGp = 360 deg 

If —-G," represents the negative reciprocal of the 
describing function, the above may be written as 
G|>|—Gpy"| for stability, when G (360 

Gp') deg Z—Gp" deg 

The above relationships permit a graphical deter 
mination of system stability. A polar locus is drawn 
for G as G varies with frequency o 2rf. Figure 
12 shows such loci for two different values of the 
runaway velocity R. Superimposed on this same polar 
plot is the negative reciprocal of the describing func 
tion of Figure 10. ‘The points on this locus cor 
respond to various error signal amplitudes EF 

The stability conditions prescribed above mean 
that where the —G,," locus is to left of the G locus, 


-2.5 1 / “15 1.0 


the operation is stable. Where the —G, 
to the right the operation is unstable 


Analyzing the Contactor Servo 
by Describing-function Method 


As shown in Figure 12 for a runaway velocity of 
100 deg/sec, the stability conditions are met when 
the amplitude of FE is greater than 0.62 deg. Oscilla 
tions above this amplitude consequently decreas: 
with time after removal of the outside disturbance 
When the error amplitude is greater than the 0.6 deg 
cutoff value but less than 0.62 deg, unstable operation 
results. Oscillations in this amplitude range there 


fore increase with time. 


Physical Interpretation 


Disturbances sufficient to cause transient erro1 
greater than 0.6 deg (hence those that initiate con 
tactor operation) result in oscillations that decreas¢ 
in amplitude if they exceed 0.62 deg and increase in 
amplitude if less than 0.62 deg. In any case, oscil 
lations of amplitude 0.62 deg will eventually result 
That is to say, the intersection of the two loci indi 
cates operation with self-sustained oscillations of a 
fixed amplitude. In this example, the steady-state 
error amplitude is 0.62 deg and the frequency (co1 
responding to the location of the intersection of th« 


two loci) is about 32 rad/sec or 5.1 cps 


System Improved Through Synthesis 


The final operation is stable in the sense that the 
oscillations are of fixed and relatively small ampli 
tude. But in many instances such self-sustained oscil 
lations might not be desirable. ‘They can be elimi 
nated by reducing the runaway velocity to a lower 
value, say 25 deg/sec. ‘This reduces the magnitude 
of the transfer function G by a factor of four. Figure 
12 also shows this revised polar locus, Now, the 
new locus does not intersect the describing function 


Positive 
imaginary axis 


FIG. 12. Stability of a nonlinear 


ry 
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Limit en 


Note: - 
On describing function locus: 
points indicated correspond to 
magnitude of error signal, /E/ 
On transfer locus: 
points indicoted correspond 
to angular frequency, w 
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system can be determined by the 
relation of the polar plots of the 
describing function and transfer 
to each other. When the nega 
tive reciprocal plot of the de- 
scribing function is to the left of 
the transfer function plot the 
system is stable. Stability occurs 
with the G locus for R equals 
25 deg/sec. But when R equals 
100 deg/sec the G locus inter- 
sects the —Gp 
lations occur for certain magni- 
tudes of error. In this example, 
the oscillations settle to a magni 
tude of 0.62 deg. 


real oxis 


locus and oscil 








locus at any point and hence no self-sustained oscil 
lations result. The further away the two loci ar 
from each other the greater, roughly, is system 
stability. One might guess from previous experience 
with such plots that in the case shown (R equals 
25 deg/sec) between five and ten correction in 
tervals will be required before the system “settles 
down”, the exact number of oscillations depending 
on the size of the initial disturbance. 

Reducing the runaway velocity by a factor of fou 
avoids self-sustained oscillations. They also can be 
voided by increasing the inactive zone width by a 
factor of four. The latter is accomplished on the 
plot by dividing the describing function of the con 
tactor by this factor 
of the 


sections 


hence multiplying the scale 
G,' locus by four.) This avoids loci inter 
but the improved stability 
is at the expense of static accuracy 

Stability can be effectively improved without sa 
rificing either static accuracy or speed of response 
by the introduction of compensating network 
similar to those used to improve linear systems. A 
modification of the G locus, easily computed and 
plotted, takes into account the effect of such net 
works in the describing-function method 

The phase-plane 


no oscillation 


method would not ordinarily 
apply once these networks were introduced becaus« 
the system would no longer be describable by a 
second-order differential equation. This points out 
one of the major advantages of the describing fun: 
tion method for the 
tem synthesis 


ichievement of nonlinear sys 


Thus, the describing function i 
> more adaptable to the problems of synthesis and 
P not materially complicated by complex dynami 
in the linear part of the system 


Analyzing Other Nonlinear Effects 


Some 
gears and coupling: 


backlash of 
coupled to inertia loads or 
velocity or acceleration limiting. In these cases a 
clean division between the frequency-dependent and 
implitude-dependent components (as 


nonlinear problems involve 


occurred in 
the previous example) may be difficult and preclude 
procedure. But analysis is still 
possible by drawing families of describing-function 


loci, one for each operating implitude 


the sup rimposing 


Phis compli 
cates the graphic il procedure but i 
feasible 

ides being applied to the anal 


still general] 


and synthesi 
the describing-function method 
has been employed to analyze the effects of bach 
lash various types of limiting’ 


of contactor system 


coulomb fric 
tion’®, and many other nonlinear effects in feedback 
control systems. It should be kept in mind that 
this is an approximate method and that it provide 
sufficiently accurate results in most, but not all, in 
ituations where the svstem 
filtering action to justif 


the a umption of n Necting the higher harmoni 


tance There are a fe 
has imsufheent low pa 


A check on the validity of thi ip) 
always be made 

Recent work'® extends the dé 
concept to the analysis of nonlinea tems sub 


funchion 


iected to random disturbances that can be described 
by statistical means. ‘This greatly in the utility 
of the method and makes it appli 


to problem 
in which the response to vanous | l 


turbances is of interest 
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The Univac Scientific omputing System 


Operation in Real-Time... 


In the field of missile development, Because of its ability to reduce operate simultaneously with a wide 
there's only one commercially avail- large volumes of data at tremendous variety of input-output devices 
able digital computer capable of speeds, the Univac Scientific System and far greater reliability than any 
real-time performance —the famous easily handles even the most difficult computer of its type. 

Univac® Scientific, It’s the ideal sys- research problems. Furthermore, it For more information about the 
tem for flight simulation and for offers many other outstanding char- Univac Scientific System or for 
on-line data reduction. It solves acteristics, including: superb oper information about ways in which 
complex problems from purely ating efficiency, obtained through you might apply the system to your 
sensed data at speeds that are large storage capacity... great pro particular problems, write on your 


compatible with real-time control, gramming versatility... the ability to business letterhead to... 


ROOM 1366 315 FOURTH AVE., NEW YORK 10 


Memington. Hand nivac. 


DIVISION OF SPERRY RAND CORPORATION 
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BASIC DIGITAL SERIES 


Temporary Storage Elements and 


Special-purpose Tubes 


Professor Scott rounds out his discussion of circuit devices with a 
description of various “short-time” storage elements, which, like 
the gating circuits covered last month, are basic to the digital 
computer. He also details the theory and advantages of certain 
special-purpose tubes that are used in computers for coding, 
counting, and switching. 


NORMAN R. SCOTT ( T 
University of Michigan nts t 


I 


DELAY LINES 


Many computers have dynami liming 
cuitry, in which the presence or absence 


of pulses at regularly spaced 

pulse tim indicates the binar 

{ and 0, Other computers have 
ircuitry, in which informati 
represented by cither one of two <¢ 
volt ige | vel 30th of these syste: 
need at least one of th gating te 
niques descril last month and 


FIG. 1. One section of a FIG. 2. Characteristic impedance of bics. 3. Phase shift frequency in a 
lumped-constant delay line lumped-con tant linn ‘ frequenc' lumped constant line terminated in 7 


WHIT 
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characteristic impedance, the 
pulse rise time, and the pulse distor- 
tion’. These are not independent, so 
the problem can become very involved. 

In any transmission 
tion can be 


output 


system, distor- 
avonled by making the 
amplitude response constant over the 
frequency spectrum of the signal and 
making the 
characteristic a 


phase-shift-vs.-frequency 
slope If 
the gain (or attenuation) factor of 
the system varies with the frequen \ 
amplitude distortion results. Change 
of the phase-shift curve from constant 
lope produces phase 


constant 


distortion or, 
as it is sometimes called, delay dis 
tortion. A square pulse transmitted 
through a system with only amplitude 
distortion will be distorted svmimetri- 
cally about its 
ince its (Fourier) component sine 
waves are all in phase and undergo 
changes of amplitude relative to one 
another but 


midpomt in time, 


no changes in phase. 
Phase distortion, however, produces 
in asymmetry, because the high and 
low frequency components are delayed 
unequally, ‘The output may be oscil- 
latory followed by a rounded pulse, 
or a rounded pulse with an oscillatory 
ending, depending on whether the 
high frequency components 
first or last 

Electrical delay lines may be either 
the distributed-parameter type or the 
lumped-constant type. The lumped 
constant delay line is a fairly simpl 
conventional low-pass filter like that 
shown in Figure 1, The characteristic 
impedance of a line comprised of such 
sections | 


Z VL/C (A — wLC/4) 
( utoftt occurs it the 
which 7 


he COTNCS 


arrive 


frequency at 
ceases to be resistive and 
reactive, 1.¢., at 

, 

; 


Vv LC 


Thus we may write 


megearrgy- CE) 


Migure ! plot of Z. vs 
which shows that a resistance R 


L 
q isa mate hed termination only 


at freque ncies w w 
lor a lumped-constant line termi 
nated in Z,, the phase shift per section 


1S 
4 2 sin = ) 


\ plot of this is shown in Figure 3 
Only for w « w, does 
how a constant 


this delay line 
unplitude respons 
from one stable state to the other 
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and a phase shift proportional to fre 
quency. 

Complete design of a delay line i 
an advanced problem in filter theory’, 
but some approximations will indi- 
cat typical magnitudes Suppose it 
is desired to transmit a pulse with a 
rise time of 1 microsec. A fairly good 
rule of thumb shows that 1/T, 10° 
cycles should be adequate bandwidth. 
Because the delay time T, for any fre 


de 
quency compone nt 1s 7? 
) > 


2 


=) 


Evidently the delay increases 
is w —» w,; components in this range, 


T, 
rapidly 
therefore, arrive too late to assist in 


the initial rise of the output voltag: 
Because frequency components up to 


Grounded conductor 


~ Insulation 


(A) Construction 


—WHOTHTHIT — 





(6) Symbol 


riG. 4. A distributed-constant delay line. 


| mec. are required in the output, 
these must be in the low-frequency 
part of the pass-band if they are to 
help in the rise of the pulse 

Thus, take w 2a > 10" rad/sec 


(f 10 me.). Then: 


rom which 
LC = 10 sec? 

lor Z, of 500 ohms, we find then 

that I 16 

© 63 minfd 


cies the delay is gi 
by 2/e. = 0.03 microsec 


microhenries and 
For low frequen 
ven approximately 
Thus a 


3-microsec delay would require about 


100 such sections 
Much better results are obtained 
from low-pa filters having mutual 


inductance, and considerable work lia 


xen done on delay lines like these’ 

Lumped constant delay lines ar 
useful where the characteristic imp¢« 
dance must be made low, where th 
voltage is high, or where simplicity of 
construction is important They 
lower attenuation than 
lowe! 


usually have 
distributed 
loss dit lectric can he ul ed in the 


line because i 


ipacitors. 

One form of distributed-constant 
line is made by winding a coil with 
the desired inductance over an in 
sulating form in which is imbedded a 
grounded conductor does not 
form a closed turn, as in lignre 4 
The shunt capacitance of such a lin 
highe: than without 


conductor ind Ons 


vhich 


is considerably 
the center 
quenth the delay per uni 
Such lines often 
delay distortion 
effective inductance 
creases with 
This is because flux linkag« 
the line are not in phase 


longel 

iderabk 
since the 
Increasing frequency 
along 
when the 
wave length becomes comparable to 
the line length. The phas 
istic can be equalized by 


character 
making the 
vith fre 
Such 


including an 


effective capacitance increase 
quency to offset the drop in I 
in effect is obtained bi 
isolated conducting strip in the line in 
addition to the grounded 
Because the strip is isolated, the net 
current flow to it is zero. Therefore 
at low frequencies 
negligible phase differenc: 
portion of line opposite 1 given strip 
there will be no current flow 
iny turn of the coil to the strip al 
though there is capacitive current 
flow to the grounded 


' 
oncuctol 


vhere ther l 


ilong the 


from 


cond ictcr At 
high frequencies, however, the addi 
tional strip acts like a grounded con 
ductor, and its capacitance adds to 


that of the grounded conductor 


FLIP-FLOPS 
The flip-flop circuit used in static 


machines is based on thi cles-Jor 
dan multivibrator circuit. This circuit 
is useful in completely stati 
ind in machines using both static and 
dynamic circuitry 


1 
nachin 


Vacuum Tube Flip-flops 


I'he basic circuit for th 
flop is shown in Figure 
havior of the circuit depends on th 
impedances Z, and Z,, which together 
determine whether it will be bistable, 
monostable, or astable 

Ihe bistable circuit is stable with 
either A conducting and B off, or B 

mducting and A off. A single input 
pulse is required to change the circuit 
from on table tate to the other 








FLIP-FLOPS 





Negotive pulses 


Negative pulses 


B ite 
me TF | | FP T 


(A) Counter stoge (Rp 


6. Bistable flip-flops 


aa 


+6 


7. Delay flip-flop used at the University of Michigan 


Collector 








Emfter 





Vic... 9. Basic transistor flip-flop 





FIG. 8. Asymmetrical flip-flop used in the NAREC. 


FIG. 10. Logical circuit for a dynamic flip-flop. 


In practice, pulse reshaping circuits must be added 
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thus, two puises will carry it through 
1 complete cycle. The circui ill 
be bistable only if both Z 
contain de path I ypicall 
7, are identical parallel RC branch 
Ihe monostabl 
one stable stat returns t 
this state after having been triggeres 
temporarily to the 
of Z, and Z 
and the other should not, to mak 
a monostable circuit. for 
if Z, is a parallel K¢ 


1S pure 


circuit has onl 
ind alway 
other one Orne 
hould have a de path 


imstance 

circuit and Z 
capacitance, the qui nt 
grid voltage of tube A is minus J 

volt A is cut off and B conduct 

If A is triggered into conduction, if 
will remain on only until the charging 
current through Z, becomes too small 
to hold grid A above the cutoff poten 
tial. Kach 
monostable circuit to execute a com 
plete cycle. 

Ihe astable circuit has no de path 
in either Z, or Z, and oscillates from 
one unstable condition to the othe: 
at a rate determined large ly by the 


input pulse cause the 


time constants of the charging ‘paths 
of the capacitor No input pulses 
are needed to shift thi 
one state to the other 

Lhe bistabk 


torage device 


circuit from 


flip-flop is a one-bit 
It may be used merely 
information until it 3 
needed, or it may be used as a trigger 
circuit, exerting on-off control over 
other circuits according to the infor 
mation it is storing. ‘The use of the 
circuit determines its design, becaus« 


to retain 


input and output conditions vary im 
different application lor example 
is a counter, the circuit require vm 
metrical inputs, but as a stage in a 
shift register it requires separate input 
for information pulses and hifft 
shown in Figure 6 he 
output voltage 


pulses, as 
divider | somectinn 
necessary to attenuate the pulse ted 
through from the 
the output 


input directly to 


lor trigger circuit ipplications th 
circuit is very similar to Figure 6B 
except that the might be la 
beled ‘‘set’” and “‘reset’’ imstead of 
input” and hift The bistabl 
flip-flop makes a trigger of adjustabl 
on or off duration, because its contro] 
action can be terminated at any time 
by resetting the flip-flop 
flip-flop, SOI 
“one-shot multivibra 
tor’, can be used as a delay circuit for 
the short-time storage of one bit or 
can be used as a trigger circuit of 
fixed duration. A typical circuit i 
shown in Figure 7. This circuit i 
different from that of Figure 5, in 
that grid A has a pull-up resistor 
to plus FE, instead of a pull-down to 


input 


The monostabl 
times called a 
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rhititl 
on 


cnt 


harges 
tor, , rise 
tube A then 
off B. While B conduct input pulse 
have no effect on the circuit 
this interval, cither the lo potential 
of anode B or the high pot nial of 
mode A can be used to 
other circuit 

stable flip-flop 


mduct igain utting 


Durin 4 


oOmputel ng 
tate | © larg i tunct 
| lige] 


Vit param ter im so hitth 
tion of external information 


Ihe circuit is a useful freque 


ier, since it can be nehroy 
1 sub-anultiple of the frequen 
external wave; but this functio 
more use in television and rac 
than im 
I hree 
circuit constants for the flip 
Pthe de problem—choosing 


computer design 


problem exist in 


tors, voltages, and tolerances to mimi 
mize the effect of changing tube and 
component characteristics and mam 
tain the initial stability of the circuit 
P thi witching problem choosing 
the circuit, the component siz and 
the layout Oa to 
duration of the transients as the cireunt 


to the other 


' 
ITLINAZ thie 


witches from one stat 
Pm thi 


circuit 


loading hoosing 


| 
probicm 


constant uch that loading 


| ‘ 


will have a minimum effect on d 


bility or on switching speed 
Ihe first two probl ns have been 
discussed extensively in the literature’ 


The third 


quentl encountered, but has been 


problem has been fre 


olved, more often than not, by “brut 
force method One of these 1s to 
design the flip-flop ! i high-powel 


device with low impedance Thu 


it can be made comparatively imsensi 
Another 
method is to oupl the flip-flop to a 
cathode follower 
drive subsequent circuit But intro 
duction of additional cathod 
cates the maintenance problem and 
hould be done only when the addi 
actually result in 
wider margin ind toler 
inces for the circuit. Still 
olution is the asymmetrical flip-flop, 
in which the tubs 
output 1 
cathode 


tive to large load variation 
which in turn an 


comph 


tional component 
opel iting 


mother 


from which the 
taken is connect 

follower Such a 

NAREC 


used in the 
higure 


Transistor Flip-flops 


Static fli -flops can be made fro 
transistors al ind in this form the 


eith aire 


1On) QO! ul 

This latter 

imple on 
rom bkigure 9 If the ti 
in the on. state iturat 
base and collector current 

or is then onl 
below ground, trai 
mall base and 
regarded a 

Ihe other stable 

uit is with B on and 


uit may be made t 


‘ } 
Id ix 


driving the base of 


stor up toward ground 
Dynamic Flip-flops 


Computer with dynan 
i kind of flip flop whi 
ferent from th tat flij 
dynamic flip-flop produ 
ous stream of pulse whi 
on (or et conditi 
duce no output puls¢ 
olf (or “reset Such 
be made by feeding the 
of an OR gate back 
through a section of dela 
delay is made equal to th 
period, then the output 
lock frequency. The d 
by inhibiting one of 
pulse Figure 10° sh 
circuit, but some pulse ar 
ind reshaping must be in 
the loop to avoid deterior 
the pulse In SEAC ul 
| last month, such a 
luded with each stag 
the dynamic flip-fl 


casil 


SPECIAL-PURPOSE TUBES 


Special purpose 
ible for the 


unplify 


compute! 
i 
mpi ated 
1 large number 
purp se tube or to modit 
f his machine in wat 
vith general-purpose 
imple 1 singl 
mal-to-binary conve 
1 complicated matrix 
tube vith ten stabl 
decimal arithmeti 
ctical matter 
( ial purpose Ol 
ied in the 
to th 


counting t 


iccording 

witching o1 

P coding tube 
© arithmetic tube 

torage tube to 


icle in thi 





SWITCHING AND 
COUNTING TUBES 


Cathode 
Focussing anode 
Accelerating anode 

=~ Deflection plates 
Grids 

~Target anodes 


FIG. 11. Electrostatically fo 


cused beam switching tube 


Switching and counting operation 


are quite unilar, although some tube 


irc designed to perform one function 
ind some the other. In fact, mam 
tubs of th type can perform both 
these function Such tubs 
common ithode and a nium 
ind either clectrostati 
or clectromagnetic focusing, which al 
lows the current to flow to only on 
of the anodes at a time. If the anod 


ire brought to external connection 


" ualh 
ha i 


be r of mod 


and if a fixed relation hip l he 


ontrol signals and th 


tween the 
particular anode that conducts, then 
the tube may be used as a switchin 
device, For counting, it 1s not nec 

iry that each anode be brought to an 
external connection but only that suc 


cessive identical control signal hift 


conduction to successive anod nM 
that some output signal be prod 
when the cle of rotation of ¢ 
tion starts again 
Klectrostatically-focused — tubs 
thi type are u ually about the size of 
receiving tubes and use a_ ribbon 
haped electron beam rather than 
pencil beam. Beam-forming is simplet 
than in cathode-ray tubes, and as a 
result a large fraction of the cathod 
current sta in the beam instead of 
being diverted to beam-forming 
trod ! urrent density 
nuch lower for a given total current 
with a beam than with 
pen il beam pac charge effect 


negligible. High 


nbbon 


urrent can be 
iccclerating po 


CODING TUBES 


lubes for ding input signa 
nie | iT ) )] 
of the PCOMCTI ind { CUSINIE 


rangement ICSC ror 


output u 


import int 


oding tub ire the 


tubs he mly other 
differen in 


codes 1 nd the method of output 


hing tubx ma 
nade with conventional cathocd 
iy tube geometn One such tube 
described in the literature 
illed a cy lophon In thi 
usual electron gun structure 
with cither clectrostatic o1 
deflection systems, produce 
beam which can be directed 
me of 25 holes arranged a 
edge of a circular iperture plate 
ntv-five imdividual anode 
ught out to external connection 
ir placed behind the hol In thi 
form the device has moderately high 
output impedance and puts out a cur 
rent of about one milliampere through 
0.000 ohm Coating 
raittiny 


urrent ot 


i resistance of 
the anodes with secondar 
; 


material permut output 


\) mulliampe re through 1.000 ohm 


A useful eclectromagneti rocusing 


method is one that reli on change 


f magnitude of the electri 
! 
rt ( | electri 
trochoidal electron motion 
have been called trochotrons in Swe 
den, where they were first developed 
hey depend upon the fact that ek 
loctri 


pl wluce 


tron released into rossed 
ind magnetic fields move in a trochoi 
lal path long an equipotential line 
of the electric field. ‘The rudimentar 
tube in Figure | hows this idea 
electrons from the ithode are at 


tracted toward element |1 nit the 


etic field results in a trochoidai 


rate 


field to 
hange the beam position, Tubes using 
ind magnetic helds to 


| por 
hoidal moti 


? if 


momentaril 











*) 


200 qouss 
magnetic field 


per pendiculor 


page 


Feeney 





Trochoida/ trajectory 


12. Rudimentary trochotron, which uses 


crial output I 
One simple form 
tiS¢ a convennti mal 
honzontal ind a 
plate and a ding 
in anode for each bina 
jutput is in bigure | 
A coding plate is shown 


The beam is first defle 


—~—— 
1 


crossed electric and magnet field 


r j 
mod that t 
itputs of 
btained 
ing a ribbon 


l l 
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Detlecting 
electrodes 


VIG, 13, 


Coding plote 


A special plate makes a coding 


device out of an ordinary cathode-ray tube. 


ARITHMETIC TUBES 


An adder tubs 
possibilities 
Kates. It has thre 
each with a hol 
up by a target element, 
target 


be tween 


with very interesting 
cle vised by 
anode segmenis, 
in its center backed 
md in addi 
behind the 


cgiment 15 


has been 


fion, clements 


paces mod 
in Figure 15 

Positive voltage ire 
modes A, B, and C a 
whether the addend and 
carry-in digits re pective ly are O or | 
digit i 
draws current 
through the 


applied to 
cording to 
augend, 
If only one present, its anode 
ome of which passe 


hole to a T, target If 


1. ELECTRICAL DELAY LINES FOR 
DIGITAL COMPUTER APPLICA 
PIONS, J. R. Anderson, “Trans 
IRE”, PGEC, Vol, EC-2, No. 2, June 
1953 pp. > 13 


COMMUNICATION NETWORKS, 
| A. Guillemin, Vol. Il, 1935, John 
Wiley & Sons, In New York 


MKOUALIZED DELAY LINES, H. |} 
Kallman Pro IRI Vol. 34, sep 
tember 1946, pp 646-6 


+. NOTES ON THE DESIGN’ OF 
ECCLES JORDAN FLIP-FLOPS, M 


Rubinoff, Fle 


“Communication and 


CONTROL 


ENGINEERING 


any two digits are present, the current 
flow is to two anodes and through the 
them to a T, target 
If all three digits are present, current 
flow is symmetrical to both T, 
Ihe three T, 
hould be connected together to pro 
the the three 
I’,’s to produce the carry-out digit 
Ihe variety of 
idered in these articles is evidence of 
the that are taking 
place in computer technology. ‘There 
is no evidence that the pace is slowin 
ind the next few should 
more 


space between 


and 
I’, clements. targets 


duce sum digit and 


wide devices con 


rapid changes 


down years 


ce the development of many 


computer circuit 
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mall-scale Computers as 
Scientific Calculators 


DIGITAL APPLICATION SERIES © 


For those who can’t afford to rent or buy a large-scale computer, 
or who do not need its huge capacity, there are many small-scale 


computers on the market. 


These smaller units play, in fact, a more 


important role in the professional life of the average engineer, since 


they are the ones he’s more likely to be concerned with. 


Authors 


Carr and Perlis span the general-purpose calculator field by survey- 
ing and comparing these lower-priced machines. 


JOHN W. CARR lil, 
University of Michigan, and 
ALAN J. PERLIS, Purdue University 


In contrast to the “million dollar ma 
chines” discussed in A Comparison of 
Large-Scale Calculators, Conrro. EN 
GINEERING, February 1955, is a larger 
medium” to “small” com 
puters in the “under $200,000” range 


Even this distinction is not exact, 


class of 


ice 
many of the latter group are modular 
that can be bought 
in increasingly ind 
may cost, with their peripheral equip 
ment, as much as half a million dol 
Nevertheless, most of the 
installations do not need as many 
as much input-output buf 
fering, or as much peripheral 

do data-processing groups 
More than ten different commercial 
makes within this 
small’, will be 
stored program 
listed. ‘Vhi 
inates such well-known computers a 
the IBM CPC and the UNIVAC 60 
ind 120, the whole class of digital dif 
ferential other 
purpose computer uch device 
as the UNIVAC 
signed solely for data-proc 
plications, aré 
these machin 
| 


could ei 


devices rented or 


larger ensembles 


lars 
tik 
tape unit 


scich 


equip 
ment a 


of computers, all 
general definition of 
Only the 
digital computers are 


discussed 


( lim 


ind 
l'o0o 
Vile Computer, de 


inalyzers, pecial 


ing ap- 
not imcluded, although 
ith 
used to 
All use a magnetic drum 
is the primary storage device 

Within the 
mall’, one can differentiate 
high-priced” 
desk-type” 


ome imgenuity, 


perform scientifi 


calculations 


overall definition of 
between 
lower-priced” ind 


The IBM l' ype 650 Ele 


tronic Data Processing Machine, Ele 
troData Co ~ Datatron, the Na 
tional Cash Register 102d, the Miniac 
of the Marchant Research Corp 
the Elecom 120 of the | 
fall first 
com | designed primarily 
data and the 
Computer belong in thi 


incl 
nderwood 
( orp ito the 
The keh 
for busines 


| ile 


itcgory, im 


category 
proce lig 
uso 
which from 


pr ralige 


550,000 up, depending on “extra 
Ihe tored 
machines include the Alwac 
tics Research, In the Circle, of 
Hogan Laborator md the Bendis 
GI5A, of Bendix Computer Div. In 
iddition, the Readix, of the J. B. Rea 
Co., and the LGP-30 computer 1 
cently announced by 
hould be £ 
well as several British computer 
Finally the E-101 of the Burrough 
Corp., the Monrobot of the Monro 
Calculating Machine Co., and the 
Klecom 50 of the Underwood Corp 
in all fit 
tructure 


lowe! priced program 


ot | Of1 


Librascope Tine 


included in this category, a 


casily into a desk typ 
The ire 


trolled with an a 


general} 
ounting machin 
imilar keyboard for hand input 
Whether further copies of the ¢ 
le computer and the NCR-102d 
be built is problematical. Neverthel 
of these 
then 


id anced ( 


omput 
Lhe 


pnt 


cnough cop two 
xist to warrant 
NCR-303, a 
Vas announced at om 
essor to the 102d 
inceled to allow 


Most ot the ()-¢ 


puter 


imclusion 
mor 
time a 
nuit ha 


i ill 
machine thi 
A] Nil ( 


which are 


ire decimal 
ception being the 


LGP-30, and GISA 
hey 


bin iT 


have been planned for use a 


oth 


pro 


deci 


Ciel 
( 0 


mal 


Over | 


Ave 
{ { 
thr 

nd 


Ne 


bee I 


ral hund ! nn 


PEPOoTaNe 
to 
erthek 


minh ilato 


data 


t universal 


ind 
that ilmo 
te ! iccKicnt 

) t th l yp 650 
iW lled in the held. with 
orde! hor 


nt th uter can be 


dom installation 


' ire also more than 


The KlectroData Datatron 


The LAGP.30 


I ibrascope 


MARCH 
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tale! CHARACTERISTICS OF 





MONTHLY 
PURCHASE RENTAL, 
PRICE, $ 
COMPUTER $ (MOTE 5) 


NUMBER OF 
TUBES 
AND 

DIODES 


POWER AND EXTERNAL 
COOLING 
REQUIREMENTS 


WORDS OF 
INTERNAL 
STORAGE 
(NOTE 7) 


AVERAGE 
ACCESS 
TIME, 
MILLISEC 


NUMBER OF NUMBER 
ADDRESSES * OF 
IN DIGITS 
INSTRUCTION PER WORD 





Type 650 3,250 
3,750 


(Note 1!) 


~ 2,400 
4,100 
(Note 2) 


102d 99,500 


Detetren ] 36,000 ay 


=a 3 33 <5 


2,200 tubes 
4,000 diodes 


300 tubes 
4,000 diodes 


3,000 diodes 


1,200 tubes 


14KW. No external 
cooling required, 
but air condition 
ing recommended 


6KW. No external 
cooling required 


13KW. Air 
conditioning 
recommended 





Miniac 100,000 


700 tubes 
1,500 diodes 


4KW. No external 
cooling required 





Elecom 125 97,000 3,500 


(Note 6) 


Alwac 


60,000 


$7,000 
78,000 
(Note 3) 


Circle 


350 tubes 
4,000 diodes 


"280 tubes 
5,000 diodes 
700 tubes in 
18 different 
chassis 





Bendix 45,000 
GI5A 


Readix 


79,000 


Librascope 
LGP-30 


Monrobot 


32,500 
(Note 4) 


Siecom 50 -«2:17,000t*=C 





enouaon= 


1,000 
or 
2,000 


2.4 10 


1024 1 
+8 





7KW. Room air 
conditioning 
recommended 


5KW. No external 


cooling required 


3YaKW No 
externa! cooling 
required 





400 tubes 
2,800 diodes 


260 tubes _ 
3,040 diodes 


650 tubes” 


200 diodes 


160 tubes 
1,500 diodes 


160 tubes 
2,000 diodes 


3KW. No external 
cooling required 


5KW. No external 


cooling required 


No external cool 
ing required 


3KW. No external 
cooling required 


2KW. No external 
cooling required 


rapid-occess loop 


1t1010,000 «8.5 
~+10t0100 1.8 


_ o- — 


4,096 
a 


+128 





1024 = 8.5 


+ 160 


4,096 (words 
“‘interlaced'’) 


“100 nos 
100 orders 
(Note 12) 


128 orders 
(pinboard) 
100 nos 


2,400 orders 35 
(metalized 
tape) 100 nos. 


» Type 650 rental is for 1,000 and 2,000 word storage respectively. 

102d rentals ore for five and one year letse respectively, with latter including magnetic tape 
. Circle prices are for a 1,024 and 4,096 word memory respectively. 

Purchase price of E-101 includes | year of free maintenance by Burroughs engineers. 

. All rentals include free maintenance, with the kind of maintenance depending on local conditions. 
. Rental for Elecom 125 includes a magnetic tape drive 
. Words of internal storage also lists , if any 

. Standard speed is stated in terms of the evaluation of A+B=C, C+D+E=F, and GXH=!I, to cor 


pensate for the different number of addresses in various instruction codes. 


3° 


. Where given, the speeds using optimum programming are for optimum spacing of instructions only 


which, properly speaking, is only available on those machines having 141 of 241 instruction codes 
In general, it is more difficult to optimum code for operand location 


° 


. The relatively high speed of the Datatron is attained by having both operands and instructions in the 


high-speed 80-word memory. In normal operation, practically all instructions and nearly all operands 


ore so situated, This is actually a normal mode of operation. 





THE SMALL COMPUTERS 


STANDARD OPERATIONS PER SEC INPUT IN DIGITS PER SEC OUTPUT IN DIGITS PER SEC 
(NOTE 8) (NOTE 14) (NOTE 14) 





NUMBER NORMAL OPTIMUM PROGRAM- = j PHOTOELECTRIC a CARD PUNCH 
SYSTEM MODE MING (NOTE 9) FLEXOWRITER CARD READER READER FLEXOWRITER AND PRINTER 





Decimal! 22 33 200 punched 100 punched 
cards per min; cards per min; 
265 digits per sec 132 digits per sec 





Decimal 10 digits 200 digits 10 digits per se 132 digits per 
per sec per sec sec from IBM 532 


. Decimal 50 10 digits *150 digits 540 digits 





10 digits per 150 digits per 


(Note 10) per sec per sec from per sec sec (type sec from IBM 
IBM 513, 514, writer), 14 513, 514, 
517, 523; 300 digits per 517, 523, 528 
digits per sec sec (tape 
from 528 punch) 


Decimal YO digits 1,000 digits 10 digits per sex Line printer 
binary 12-20 per sec per sec available at 





extra cost 
Decimal 13-20 10 digits *20 digits per 200-400 lO digits perse 20 digits per 
(fixed or per sec; sec from IBM digits per sec sec from IBM 
floating 60 char 024; 150 digits 024; 150 
point) per sec per sec from digits per sec 
punch IBM 523 from IBM 513; 
100-200 digits 


per sec printer 


10 digits 150 digits per 10 digits perse 150 digits per 
(Note 11) per sec sec from IBM 523 sec from IBM 523 


Binary 10 digits lO digits perse 


per sec 


Binary 15 digits 200 digits 10 digits per 
(Note 13) per sec per sec sec (type 
(tape writer); 15 
reader) digits per 
sec (tape pun: 
Decimal 10 digits *100 cards ‘varied lO digits pers *100 cards 


per sec per min permin 


Binary 10 digits lO digits pers 
per sec 


Decimal 10 digits lO digits pers 


per sec 


Decimal 


Both the E-101 and Elecom 50 use accounting ichines for all data input 
and output, Instruction input is by pinboard and metalized tape, respectively 
(See Notes 12, 15 and 16) 


Decimal 


11. The Alwac word is divided into four syllables and the fast mode is to space the orders in a syllable in 
each alternate word. This gives the 15 standard operations per sec mentioned Orders are carried o% 
from the 64-word working storage 
The instructions in the E-101, Monrobot, and Elecom 50 are physically distinguishable from the numbe 
storage and represent a departure from the accepted trend in computer design 
The GI5A programming procedure is so unlike standard ordinary of minimal occess programming that 
a normal comparison cannot be made unless many var ables not occurring in other machines are fized 
A factor of two or three is apparently possible with complex coding effort 
The * refers to auxiliary, usually IBM punched-card, equipment. The adaptor units for the various IBM 
machines introduce additional costs that may run from $10,000 to $20,000. Of course, the rental of the 
IBM machines is also additional. The 024 and 523 rent for $30 and $65 per month respectively 
The input to the E-101 is by manuaily operated keyboard for dota, and by a manually (pre)set pinboard 
for instructions. Further data can be read in by o ten-character per sec poper-tape reader 
The input to the Elecom 50 is by a manually operated keyboard for the introduction of data, and by 
a metalized plastic tape for instructions 






































































































































The Marchant Research Miniac 

















20 of the CRC-102 decimal and binar 
computers (as the NRC-102d_ wa: 
originally named), over 15 of the Da 















































tatrons, almost 10 Elecoms, and sey 
cral each of the Miniac Alwacs, 
Circle computers, and Monrobots 
The Burroughs E-101 has been set 











up for assembly line production 

It is hard to tell whether the bulk of 
the present small 
for data processing, 














machines is used 
scientific calcula 
for both; but a sample list 
of ‘Type 650 and Datatron users indi 
cates that io the early stages at least 
half the installations are for scientific 
calculation 




















tions, oT 






































The accompanying tables compar 
the characteristics of — the 
computers 








small’ 
These data were first col 
lected by one of the 




















authors in a 
personal survey of most of the orgam 
zations that were making equipment 
in 1954 Ihe 


be cl 























information since has 
extended by both authors to 




































































































































































The Bendix GIS5A 





addi 


include later information and 
tional equipment. 


Programming Flexibility 


Some of the most striking differ 
ences between the “‘small’’ computers 
become obvious only when they are 
kor example, the ‘‘red 
tape” bookkeeping and programmed 
arithmetic instructions that speed up 
the interpretation process for floating 
point vary widely. In general, the 
overall efficiency of thes 
like that of their large 


programmed 


computers, 
counterparts, 
ity to properly 
At present only one 


ee 


I 
depends upon their abil 


use subroutines 


of the maller computers has the 
ibility to modify the location of pre 
viously written instruction addresses 


without extensive programming. ‘The 
design of the Datatron “B-line” or 
index register, similar to that of the 
IBM l'ype 704, is the earliest known 
use of this technique in the United 
States. B-lines, or tallies, as they are 
also called, will also be added to the 
l'ype 650 and the Elecon 12 
the coming year 


5 within 


Several other smaller computers, as 
vell as the Datatron, now have similar 
indexing facilities, but 
not with the subroutine orientation 
feature Ihe Elecom 120, Readix, 
and I-10] possess such an automatic 
facility with their tally commands 
and stepping switch, respectively It 
; estimated that two to four instruc 


gy ¢ 
counting O1 


tions per iterative cycle can be saved 
by these features 
An equally important subroutine 


programming feature, found on most 
of the larger computers, is a “return 
jump By means of a transfer com 
mand, a subroutine can be successively 
entered from several program locations, 
with the point to which it should 
return control stored automatically 
control counter, 
during transfer, is always the machine 


Ihe command or 


register that contains the desired in 
formation Only four of the com 
puters (Datatron, Elecom 120, LGP 
30, and Circle) have an instruction 


from the 
control counter to the 


that transfers information 


command o1 


iithmetic unit or storage for future 
use 

All the small computers use fixed 
point numbers; one copy of the 


Elecom 120, however, has floating 
point. Optional floating-point will be 
idded to the Datatron, Readix, and 
l'ype 650 sometime this year. Simi 
larly, the analysis of variance and other 
statistical problems may call for doubl 
precision arithmetic his large-com 
puter facility is available in only one 
smaller machine—the type 650 Ad 
dition into the low-order positions of 
the accumulator is extremely valuable 
in this type of computation 
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The ‘Type 650 also has a “table 
look-up” instruction, which automat: 
cally searches a table in memory to 
extract a specific word. ‘I his process 
must be programmed in all the other 


computers 


Storage and Displays 


Certainly the Datatron, Readix, and 
Elecom 125, with 4,000 words, and 
the Miniac, LGP-30, and Alwac, with 
+096 words, lead the 


puters in available storags 


maller com 
pact And 
torage iS especially important when 
no magnetic tape unit 1 iailable 
At the other extreme are the E-101, 
Elecom 50, and Monrobot, planned 
for problems requiring at most 50 
or 100 numbers 

Uhere is quite a bit of difference 
in the way the small computers pr 
ent the internal state of the ke 
registers to the user 


the ‘Type 650 has no 


bor example, 
method for 
printing the contents of any of th 
locations (in the future, a 
direct printer is scheduled as an op 
tional feature); the user must depend 


internal 


on a one-at-a-time biquinary decimal 
light display of the important register 
contents The EKlecom 120 doc 
access to key 


illow 
registers, but only by 
typing out the content In the 
Datatron, all registers are displayed at 
all times, but the content 
typed out Most of thes 
permit manual ste pping from one pro 
gram instruction to another, a feature 
that is more useful for 


cannot be 


computer 


machine de 
bugging than for program checking 


Devices for Speeding Up Operation 


Many computers on the list have 
method for reducing the ‘wait 
time’, the time until the next instruc 
tion or operand comes under the read 
ing or writing head of the 


SOTII 


magnetic 


drum hese methods involve in 
creased programming — effort l'wo 
general techniques are used: a “next 


instruction address” (‘Type 650, Alwa 
md GSIA), and a rapid-acce loop 
most of the others A rapid-acce 

loop uses two heads on on 


track 


drum 
repe itedly reading and writing 
a number of copies of a smaller block 
of information on the track, so that 


the next passage of information be 
neath the magnetic head takes a much 
shorter time. ‘The GI5A and Alwa 
combine these two technique vith 
rapid-access lines and a timing 
number” or “optimum addres which 


is the equivalent to the Type 650 
‘next instruction address’ 
he efficiency of writing program 


for a rapid ICCESS loop varies with the 


amount of storage in the loop. Only 
the Datatron, with 80 word the 
Miniac with 256 words, the Alwa 


ind LGP-30 


with 128 words. and 








the Readix, with 120 words, have 
enough storage to make programming 
with rapid-access loops relatively casy 
compared to the ‘Type 650 “optimum TABLE I! 


coding” procedure Vhe latter store AVAILABILITY OF MAGNETIC TAPES 


operands and instructions at the 

proper time, so that the information AS AUXILIARY STORAGE 

will pass under the magnety head 

without a lengthy wait Moreover READING OR MAXIMUM NO 
of these. onlv the Datatron allows ea COST PER WRITING SPEED, AVERAGE TAPE OF TAPE UNITS 
use of instructions im the rapid acct COMPUTER WORDS TAPE UNIT, CHARACTERS SEARCH TIME, MACHINE CAN 
loop the result is the relatively high (SEE NOTE 1) PER TAPE $ PER SEC SEC CONTROL 


peed noted in Table | Type 650 220,000 750each (See Note 2) 6 


One of the authors has programmed 
the ‘Type ¢ »0 and Datatron computer per month 
on everal large and relatively com 102d 115.000 19,500 1 600 
plicated problems, in an attempt te 
compare programming difficulty Ly Datatron 160,000 14,700 5,000 
pite experience and use of the rul 


Miniac 25,000 5,000 915 


given for both computer human 
coding of both machines is equally — Blecom 120A 125,000  _—8,000 2,000-6,000 
difficult At first the Datatron system Elecom 125 

ippears to have a higher machin 


peed but use of the variou minima Readix 50,000 10,300 1,000 ' several'’ 


iccess. coder or automatic program 

reshufflers devised by such organiza NOTES 
tions as Datamatic, Inc., of Waltham, ’ ] 
Mas ind the | quit ible Life Assur tape units 

ince Societv of New York. pe rmits the 2. The IBM Type 727 to be connected with the Type 650 can read and 


_— S f , 
l ¢ 650 to perfonn a rough minima write at a speed of 15,000 characters per sec, but the computer itself 
ccess rearrangement of its own In 


tructions and data that may speed uy 


Only those machines are listed for which the manufacturer provides 


accepts information at a much slower rate 


the program over normal sequentia 
coding by a factor of 1.5 to 2. As yet 


no automatic coding technique for 





peeding up Datatron programs ha 
been written, although this is possibh - 
he gg seed spee TABLE Ill 
within limitations, as in the case of the 


l'ype 650 “minimal access cods PROGRAMMING CHARACTERISTICS 


Checking Facilities COMPUTER ; D f G 

l'o some extent the small-scale com TYPE 650 e O ad 
puter follow the de ign tk hnnique 102D oO © Oo 
of the larger computers in tackling DATATRON O e O 
error prevention and failure detection MINIAC O 0 O 
In most case they have margina ELECOM 120A oO O 
ELECOM 125 


checking feature that var evcral 


oltages to find marginal component 


(he Elecom 120 and | e an ALWAC 0 O 4 
excess-three binary code for CIRCLE O O O 
representation With thi th igi RCADIX O O O 
pattern QOO00 and 1111, for examplk LGP-30 O O O 
never Occur All input nd output GI5A * ) a @ O 
from memory are checked for these ELECOM 50 oO O O 


eo0@#cOoOoececer 


~ 
— 


excluded digit pattern If they should MONROBOT O O O O 


occu! the machin top nad oth E-10] 7" . oO O O 
cause of the error is somewhat isolatce 


The ‘Type 650 and Datatron = ar 
imilar in that they use the biquinar 


ALD 
VU 


Automatic fally orders, co ditiona Jp Y etior ' o count 


Transter contro! orders that automatically reta an address indicat 


, 1 ‘ r, : ! 
ind straight binary code, respective! ing the source of the transfer 


" Oo ] oO 
for binary coding of decimal digit hetemetic norntiiantion of nuuben fer Heating oolet end cask 


rl T curring at 
lorbidden combinations occurring a factoring 


‘ heck point ih Cat h compute! result Addition into high and low parts of the accumulator or of single and 


in an automatic machine stop Ihe double length words 


computers im gen ral ilso check Automatic modification of addresses by B register 
mecmor clection by checking th Srencior contel on +. O, 
addr generator for a coinciden 


Table look up 
ifter a complete drum revolution 


Floating point ‘optional 
Automatic Coding Procedures 


[he smaller computers generally di 
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The Logistics Research Alwac 


not reflect as much work in automatic 
programming devices, such as com 
pilers and interpreters, as the larget 
computers. However, even if a manu 
facturer does not provide such a tech 
chances are that one or more 
spent considerable effort 
in this direction Thus, the 
copies of a computer extant, the more 
likely efficient and varied automatic 
coding techniques will be available. 
The ‘Type 650 has semi-automati 
coding procedures developed by IBM, 
but no full-fledged compiler, since its 
relatively small memory mitigates 
against elaborate subroutine compila 
tion. As noted, several programs 
have been devised to aid minimal 
access programming for the Type 650 
A large number of floating-point in 
terpretive routines has been written, 
either by IBM or the various users, 
and there are therefore many choices 
available. Of course, all of these 
routines slow down a computer by a 
factor of perhaps four to ten, 
Similar automatic coding proc edures 
have been written for the Datatron 
At present a subroutine compiler is 
now under test at Purdue University, 
and several floating-point interpretive 
routines are available among various 
Datatron users. A_ similar compile: 
has been written for the Elecom 125, 
while a conversion program from 
decimal to binary and _ binary to 
decimal comes with the Bendix GI5A 
The interchange of 


nique, 
users have 


more 


information 
imong users of the same machine is as 
important as actual working automatic 
routines IBM holds seminars for 
'ype 650 users and at the seminars 
new programs, coding techniques, and 
numerical methods are discussed. An 
interchange of information is under 
way among Datatron users, and other 
manufacturers indicate they are at- 
tempting to follow suit, The incipient 
purchaser of a computer should con- 
sider such available aids as positive 
features of a particular computer. 


Input-Output 


All these computers were originally 
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designed for scientific and enginecring 
calculations. The demands of data 
processing applications have caused 
the computer designers to add more 
powerful input-output facilities (at a 
higher cost). Most of the machines 
except for the Circle, E-101, Monro 
bot, GI5A, and Elecom 50) have 
provisions for adding punched card 
readers and punches, and in some 
cases, tabulator-printers, to their pres 
ent standard input-output, which is 
usually punched-paper tape via a 
photoelectric reader and an automatic 
typewriter. ‘The standard input for 
the Alwac, Circle, LGP-30, Monrobot, 
ind E-101 is a 10-digit-per-sec paper 
tape reader, or comparably slow key 
board, which is intolerable in any 
computational laboratory requiring a 
large volume of results at a reasonable 
rate A similar output rate is not 
intolerable, but a higher-speed paper 
tape punch or punched-card input-out- 
put noticeably increases efficiency. 


Magnetic Tape Equipment 


Only the more small 
machines now have magnetic tape 
units planned or available on a modu 
lar basis. The 102d, Readix, Datatron, 
Miniac, and Elecom 120 and 125 have 
them now, and the first units for the 
I'ype 650 will be produced this year. 
The characteristics of the magnetic 
tape units are listed in Table II. 

These smaller machines, with several 
magnetic tape units added, may have 
rental or purchase prices almost a 
third to half that of the larger com 
puters. Because of their magnetic 
tape equipment, they may compete 
satisfactorily in some data-processing 
problems with the larger machines 
But in most scientific applications, the 
access time to storage, with the 
fundamentally low pulse-frequency, 
means that the basic computing speed 
has an upper limit still far below that 
of the larger computers. ‘To improve 
this, some manufacturers have already 
made plans for adding magnetic core 
storage. IBM has announced future 
delivery of a small-size, high-speed 
core memory; ElectroData is designing 
a magnetic core prototype 
for the Datatron. 

What may happen, of course, is 
that the smaller equipments will be- 
come more expensive as user accept 
ance grows, and the gap between them 
and the larger machines may be nar- 
rowed. Or perhaps the “small” ma- 
chines of the future will have the 
speeds and facilities of the large ones 
of today. 


Cxpe risive 


mcmory 


Recommendations to a Future User 


As long as the field of computers 
for scientific computation remains as 
fluid as it is today, it is worthwhile for 


every incipient computer user to dele- 
gate some member of his organization 
to follow the pattern of the field. The 
scientific calculator user who does not 
find out what is being done in other 
installations, and on other types of 
computers than his own, will fall be- 
hind in the competition for most eth- 
cient computer use. ‘The development 
of applied logic and mathemati that 
is coming with the new machines fore 
tells what may be the first rapid popu 
larization of an exact science 
group of practitioners Che acquisition 
of knowledge in this new field does 
not end the day on which a computer 
Much hard work and 
pooling of information lies ahead be- 
fore any computer, small or large, 
reaches the peak of performance in 
herent in its fundamental 

In almost every installation, acquisi- 
tion of a computer must be ju tified 
on a dollar basis. (Lucky is the re 
search laboratory or procedures 
where such intangibles as are 
by a digital computer are 
weighted dollar valuc The acquisi 
tion of a smaller computer, even 
though it may not be ideal and may 
have only a limited capacity for the 
problems to be handled, can lead to 
a larger equipment if used 
fully. Provided it is not treated as a 
toy, it will enable engineers and busi- 
ness planners to investigate problems 
that may automatically justify a larger 
system 


among a 


is obtained. 


tructure 


group 
offered 
given a 


uccess- 


Provide Valuable Training 


The future user should not feel 
frustrated if his organization cannot 
at first acquire one of the larger com- 
puters. The smaller computers are in 
themselves as complete and general as 
the most expensive Type 704 or 
LARC. If used properly and with fore 
sight, they may lead to larger devices; 
in any case, the training they provide 
is generally applicable directly to their 
more expensive counterparts. The oi 
ganization that uses this new 
ment efficientiy and properly, no mat 
ter what its size or cost, will find its 
whole outlook on the solution of scien 
tific and engineering problem 
markedly, its output increased, and its 
morale improved. 


quip 


lange d 
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The problem was one of providing 
warning if blood under refrigeration 
was subjected to temperatures below 
32°F or above 48°F. Here’s how 
Fenwal Thermoswitch units solved it. 

Fenwal Thermoswitch units were 
connected in parallel series. The regu- 
lar type #17000, which opens on 
temperature rise, closes when the 
temperature falls to its setting of 
32°F. The inverse type Fenwal 
Thermoswitch unit, which closes on 
temperature rise, closes when the 
temperature rises to its setting of 
18°F. Between 32°F and 48°F, both 
Thermoswitch units are open so that 
no alarm is given. 


How Fenwal 
Thermoswitch” Units Operate 


In Thermoswitch thermostats the 
activating control element is the 
metal shell which encases the contact 
elements. Changes in temperature 
cause the shell to expand or contract 
instantaneously. This exerts either 
tension or compression on the struts, 
causing the contacts to make or 
break a circuit. Control in the Fenwal 
Thermoswitch units is calibrated at a 
given shell temperature by turning 
the adjusting screw until contacts op- 
erate. 

Fenwal Thermoswitch Controls are 
constructed as either tension or com- 
pression operated with regular or in- 
verse contact arrangements. 


ENWAL THERMOSWITCH It 

yjlood bank to prevent bloor eezin 
renwal units are easily adjustable, high 
© shock and bration and are t 
against dust and dirt 


r 
t 
I 
t 


Tension operated units may be 
subjected to momentary tempera 
ture exposure of 100°F above their 
set point. They also may be subjected 


to any temperature below their set 


Shou ing the broad application range 














ALARM LIGHT 


17000 
NORMALLY 
7Q0SED . 
(OPEN above S77) 


10 VAC SOURCE 


























COMPRESSION OPERATED 


CONTROLS TEMPERATURES .. . PRECISELY 


point without danger. Tension op 
erated Fenwal Thermoswitch units 
may be set below 0°F but compres 
sion operated units are recommended 
if rapid temperature changes in ex 
cess of 100°F or extreme temperature 
overshoots are to be encountered 
The Fenwal Thermoswitch Con 
trol is constructed with two silver 
contacts mounted on, but electrically 
insulated nickel-iron 


struts of low expansion coefficient 


from, curved 


This element as embly iS then 


mounted under tension or compres 


How to Keep Blood From Freezing 


of Fenwal Control 


sion in a seamle drawn brass or 
stainless steel tube. The amount of 
tension or compression is variable, 
depending on the position of the ad 
justing sleeve and the temperature 
of the shell. 

renwal compression operated units 
may be exposed to a temperature of 

100°F indefinitely, and to tempera 
tures 400°F above their set tempera 
tures for short periods of time 


Proved Applications 


Fenwal Sale hte presentatives and 
aved time, trouble 


and money in all types 


Engineers have 
of plants and 
laboratories by solving thousands of 
temperature control and detection 
problems. renwal 
units are contri 


Thermoswitch 
illing processes that 
involve liquids, gases and solids, 

Put Fenwal’ vast reservoir of 
technical know-how to work for you 
Chances are your problem has al 
ready been met and mastered by 
Fenwal engineer 

Write for new Catalog No. 500 for 
details and complete product listings 
on Fenwal Thermoswitch Thermal 
Controls, including units discussed 
Midget and Miniature ver- 
sions of these, Snap-Action Controls, 
and Indicator Controllers 


above, 


FENWAL INCORPORATED 


593 Pleasant Street 


Ashland, M 


he prob 





Why you get the facts faster 


with Brush Recording Systems 


srush Systems are engineered with you in mind... 
thus designed for chart readability, flexibility, accu- 
racy, and portability to help you get data in writing 
as quickly and easily as possible. Look for these 
features which Brush offers when you choose direct 
writing oscillographic equipment. 

Leading design and development groups are using 


these modern engineering tools in many ways: 


* recording telemetered data 

* readout from computers 

¢ checking stress, strain, vibration 

¢ recording electrical characteristics 


* analyzing equipment performance. 


Ask your Brush representative for the full story on 

trush Recording Systems. Or write for bulletin to 
Brush Electronics Company, Department N-3, 3405 
Perkins Avenue, Cleveland 14, Ohio. 


Multichannel oscillo 
graph records variables 
from d.c. to 100 cycles 
per second 


* 
¢* 4s 6 
ae em , é 
al 
Universal® Amplifier 
for use with both resistive 


or inductive transducers 


” ny we» Nore 
ig e x e S| * 
me ee A ' 
Dual -channel 
D. C. Amplifier, 


pmeoties | 
0.C. Chopper 


Stabilized Amplifier, 
gain of 10,000 


FLEXIBILITY —Four and six channel oscillographs are physically 
interchangeable. A four channel unit, selected to meet present require 
ments, can be expanded to a six channel unit later, All oscillographs and 
amplifiers mount in standard 19-inch racks or consoles. Complete selection 
of amplifiers *Trade Mark 


BRUSH ELECTRONICS 


INDUSTRIAL AND RESEARCH INSTRUMENTS 
PIEZOELECTRIC MATERIALS . ACOUSTIC DEVICES 
MAGNETIC RECORDING EQUIPMENT AND COMPONENTS 
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Multichannel portable 
oscillograph 


Two-channe 


oscillograph 


Amplifier in portable 
case 


PORTABILITY —Complete systems designed for portable use sim 
plify field testing and measurements. Units are light in weight, durable 
easy to set up. Typical weights for oscillographs: 2-channel Ibs., 4 
channel 38 Ibs., 6-channel 51 Ibe 


COMPANY 


Division of 
Clevite Corporation 


| 
| 





IDEAS AT WORK 








FIG. 1. Scanner, dial being scanned FIG. 2 


2. Another view of code disc and brush assembly, showing motor 
and code disc and brush assembly 


Reads Meter Optically, Then Digitizes 


When the pointer of a meter gets in the way of a light beam directed 
on a mirror, a code disc sets up a battery of storage relays, record 

ing the disc’s position. This, in a nutshell, is the idea behind an amaz 

ingly simple analog-to-digital converter. 


ng-distance transmission tri cann vii 


hi onvert 
centin oltage urrent 


Alo net mdication mto digita 


form for serial or parallel long-distan 
| 
m of the data into digita 1 


tAalti i 
the murror 
ret in the 


has been markedly impr 


Hsin MOM itt a Hipte 


the data are mvulne It 


cTiou Ail 


mad quite mn 
Lis onventior 
ving line nition oimter-type wattmete vithout 
wccuracy nec iry for ethic heation of the movement o id 
distribution system operation f th 
Conversion of voltage and curren Lhe 
has been fairly simple, but not conve 
ion Of power to either an analog 
digital form suitable for transmussio1 
(his has been expensive, inaccurate 
complex, and subject to drift, tempera 
ture and voltage effects 


Now. however, a new development 


mod mected 


f-held osition 


} 
output haft that correspon he code di 


Das clement of the met n I he | then can lb 
ider are: | 1 photocell and light 


uipe ( irallel of crial 
ource assemb! 


i mirror about the ligital imdica of the meter read 
ength and width of the meter cal ng Thi ice may be 
a small motor; 4) a code disc; 5) a ipphied to ai rement in which 
ensitive relay; and 6) a group of “ste the usual readout is the position of a 
iwe rela’ one for each digit of the pointer with 1 ect to a scale. In the 
ode disé ase of the ndix Aviation develop 
bv the Pacific Div. of Bendix Aviation Ihe small motor continuous! ment descnbed 
Corp. assures accurate and inexpen tates the photocell-light assembly and of 
ive transmission of digitized reading the code disc, as the figures show. Be 
of these three variables, and many oth 


hind the pointer of the meter is the 
ers, too. The development is a photo mirror segment As the light and 


here, digital reading 
clectrical power may be taken at 
ec intervals and transmitted with an 
iccuracy of bette 


than | per cent over 
long distance 
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Clear, Continuous Records without 
Poisoning ...on the New Bailey Recorder 


%& Faithful chart records of measured variables are the key to a meaningful, depend- 
able analysis of operating trends and conditions. Money spent for more accurate 
metering, for faster response is money down the drain—unless it’s matched with 
chart records that are equally accurate 


That's why these features of the new Bailey Recorder are important to you: 


1. Bailey's exclusive sealed capillary-action inking system maintains continuous flow 
to the pen tip, and traces sharp, opaque, quick-drying records. “Poisoning” of inter. 
secting records is practically eliminated; no blots or smears during operation or 
chart changing. 

2. Pens are mounted on concentric centers, trace on parallel time arcs only 42/1000” 
apart. This simplifies analysis of two or more records. 

3. Interchangeable plug-in receiver units permit practically limitless record-grouping 


combinations, 


Write for Product Specification £.12-5 and actual chart sample. 


ONLY BAILEY OFFERS ALL THESE 
ADVANTAGES IN A SINGLE RECORDER 


Pre-calibrated plug-in receiver units 





Up to four pneumatic or electronic receivers 


—or two receivers and two integrators Controls for 
Any four variables on one chart—easily 


read and interpreted 1079 IVANHOE ROAD TEMPERATURE 
A full year's ink suppty at one loading PRESSURE 
Faster shipment—from stock 9AS ANALYSIS 
Minimum inventory of parts FLOW - LEVEL 


Minimum instrument investment for process RATIO - DENSITY 
cycle expansion or alteration 
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FIG. 1. 


Process controller with two noninteracting adjustable 


witches Sl and $2) lags 


IDEAS AT WORK 


R. G. BRADLEY, The Swartwout Co 


Use Process Analogs to Prove a System 


Electronic control systems make possible practical direct analogs 


of process lags. 


Proce inalogs have many uses in 
automatic control. They can be sub 
stituted in graphic panels for th 
ictual process, and used to test the 
panel or to train operators in its us¢ 
hey can be used to teach 
Start up procedure 5 


propel 
Component fail 
introduced in controller 
for trouble-shooting training 

lor an 


system, the 


ures can be 


clectronic proc control 
process analog offers an 
other practical aid to the control engi 
neer. If the process time constant 
ire known within reasonable limit 
beforehand, a breadboard model sy 
wired up very 


using stock controller 


tem can be 
sively, 


proce css 


inexpen 
with the 
In this way, all the 
operating vagaries of a new 


inalogs 
tem can 
be experienced ind ironed out befor 
the final design and construction of th« 
ictual plant. This is a common tech 
nique employed in electromechanical 


ervo design 
THE ELECTRONIC PROCESS ANALOG 


ir adjustable rate and reset 
ind integral) circuits, el 
already contain the 


derivative 
ronic controller 
components needed to represent the 
time lags found in a process. Figure ] 
diagram of a two-lag 
inalog with each lag 


1 schemati 
idjusta 

some of the 
controller It 
a load change 


made by modifying 
uitry of a 


ilso simulate 


proce 


This analog is designed to accept 


output of a controller as its input 


The approach permits inexpensive system study 
without computer setup. 


After the time lags are introduced, the 
utput of the 
ered as a measured variable and can be 
fed to a subsequent 
input signal. Note that th 
tenuates the signal, using two cathode 
followers to make the 
independent 


analog can be consid 
controller as an 


inalog at 


eparate lag ad 
This is sati 
factory because the controllers are de 


justment 


igned to accept the low power output 
of primary element transmittet 

Figure 2 shows 
tem using proce 
Figure 1 to 


The stripper column is 


1 proces control s\ 
inalogs like that of 
imulate the process lag 


imulated by 








troller 

needed 

modihed 

level will 

the ignal 

point (outflow 
Modifying an 

to make the pr 

output immediat 

climinating an 

Or pneumatic ct 

lated ystem 

tween system 


it X pe sive 


FLOW CONTROL SYSTEM 


Block diagram shows how the proces: 


malog 
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ntrolier 3 lightl 


1} bite ; ibs 
y 
t imulated tank 
to change until 
equal the ct 
tron ontroller 
inalog puts the 
n electrical form, 
mechanical 

in the simu 
chon be 


mitting 


can he used 
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SPECIFICATIONS 


INPUT 
20 to 35V DC 
at approx. 5 m.a,. 


OUTPUT FREQUENCY 
400 or 500 cycles 


Type 2007T 
+ —02% from —65° to -+- 85°C. 


Type R2007T 
+ —.002% from + 15° to + 85°C. 


Type W2007T 
+ —.005% from —65° to 4+ 85°C. 


OUTPUT VOLTAGE 


5 volts, sine wave. 


Substantially uniform 


ee |SS/4 FREQUENCY 


several times that of vacuum tubes 


sce ame STANDARDS 


MAGNETICALLY SHIELDED 
HERMETICALLY SEALED These units, which are the result of several years of development 


OCTAL BASE and testing, offer a new standard of simplicity and reliability. 
SIZE 
4%" x 1%" diameter 


WEIGHT 
7 ounces ideal for airborne and portable use. 


Particularly noteworthy is the uniformity of output signal voltage 


with temperature change. Small size and light weight make them 











COMPLETE INFORMATION ON REQUEST For applications where only higher B voltages are available, a 


PLEASE SPECIFY TYPE 2007T simple voltage reducing circuit may be used. 


American Time Products, Inc. 


580 Fifth Avenue New York 36, N. Y. 


MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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IDEAS AT WORK 


Spring-powering a Position Servo 


This little mechanism offers 
possibilities as an aircraft com- 
ponent in applications needing 
a light and forceful position 
servo for _ limited-duration 
control. 


RAYMOND N. AUGER 


The mechanism on this page is an 
extension of the principle of the clock 
work torque amplifier first described 
by the author in the January 1955 1 
suc of this magazine. Again, a spring 
is used as the primary source of en 
ergy, and the pawland-ratchet control 
of a differential again provides the 
means for limiting the amount and 
direction of output rotation. How 
ever, the original model utilized the 
mechanical displacement of the spi 
der of a comparator differential to 
operate the pawls of the output diffe: 
ential. This version provides a shaft 
output proportional to a voltage input 
by using a potentiometer as an input 
differential and by using a relay as a 
comparator. 

The high-energy, low-inertia possi 
bilities of spring power might make 
this system eligible for aircraft con 
tro! situations, especially those requir 
ing a fast and powerful position servo 
to operate for a limited period of time 
(on the order of seconds or a few min 
utes). Designed for as compact an 
assembly as possible, the version, 
shown in section above, contains a 
l4-in.-wide by 1}-in. (barrel insidk 
diameter) spiral mainspring. The 
dimensions of the case (which includes 
everything in the schematic, below, 
except the control relay) are 34 in 
long by 34 in. in diameter. Inasmuch 
as this design does not include a self 
winding mechanism, mainspring en 
ergization is accomplished throug) 
the output shaft. As with the original 
all-emechanical servo, backlash in th: 
gearing of the output differential ha 
no effect on the accuracy of the out 
put, since all the meshes are involved 
in the same direction of rotation. The 
only mesh that can introduce backlash 
into the output is the last one, which 
drives the output shaft. If the instru 
ment is to operate a control cable, 
this mesh can c climinated by mount 


ing a cable sheave in place of the dif 
ferential’s ring gear 


THE CONTROL RELAY 


he schematic shows how the pot 
on the output shaft divides the input 
signal to operate the control relay 
Ihe centerstable relay arrangement 
shown is polarity sensitive This 
means that when the output is at 180 
deg, the input will be as high above 
ground as it is below As the low 
negative) side of the signal rises, the 
relay detects the current and its di 

















rection, operating the proper solenoid 
to rotate the output shaft to null out 
any voltage across the relay 
Another relay comparator 
that can be used in place of the for 


circuit 


going One Operates in a manner analo 
gous to a conventional on-off con 
tactor servo, but does not have the 
hunting inherent in such a device. 
Ihis second system uses two rela 

in series or parallel, cach having spdt 
contacts. ‘These can be wired so that 
1) when the error signal ts 
given voltage, both relavs are m an 


iY le w~ 


rotanng 


tchet member 
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FORD INSTRUMENT 
QUANTIZES 
LIGHT 


Colored lines or spots on a piece of paper can become a means 
of conveying information Rorschach charts, impressionist 
paintings and survey maps are all visual message carriers. Ford 
Instrument engineers found it necessary to translate such color 
information into electrical or mechanical quantities, (quantiza- 
tion) with less distortion than is inherent in the usual photo- 
graphic techniques. Such quantities can in turn be used as signals 
that actuate computers, make offset plates, and generally put to 
use the information implied by the difference between the colors 


or the distribution of the colors. 


LIGHT BEAM 


QUANTIZATION EQUIPMENT 


RED ORANGE YELLOW GREEN BLUE 





QUANTIZED OUTPUT 
DISTINCT COLOR SEPARATION OR GRAY SHADES 


The quantization performed by Ford is not restricted to coior alone. 
For example, a black and white photograph represents an aggre- 
gate of light and dark areas of varying shades, and this display 
must frequently be converted into continuous or discrete electrical 
quantities for various purposes and uses. Ford engineers recently 
developed equipment which can quantize and record the various 
degrees of color, or gray areas in photographic negatives, and to 
correlate this information into usable data. This equipment was 
developed for a classified project — the equipment is unavailable 
for general use ~ however the technical know-how gained by 
Ford — combined with Ford's superior production and engineer- 
ing facilities —is available in the creation of light quantizing 
equipment for you, 

Light quantizing is but one of the many facets of Ford Instru- 
ment design and development. For more information about Ford's 
products, services and facilities, write for an illustrated folder. 
Ford engineers will be happy to discuss your problems of control 
with you. 


’ PY. 

um FORD INSTRUMENT COMPANY 
| DIVISION OF SPERRY RAND CORPORATION 

is 31-10 Thomsen Avenue, Long Island City 1, New York 


Beverly Hills, Cal. ° Dayton, Ohio 


CONTROL ENGINEERING 


Ford’s capabilities are among 
the finest in the country 


Three dimensional cams are used in 
elaborate computing devices to chara 
terize shell ballistics, magneti 
or to solve some basic 
Precision in 3-D cams is ol 
vital importance. Ford Instrument de 
signed and built a unique machine that 
can produce extremely accurate 
from a skillfully made master. As many 
as two thousand data points are en 
milled to set prec isely the contours of 
the handcut masters 


variation 
mathematical 
function 


Cains 


Equipment used for defense must un 
dergo rigorous tests for accura im 
dependability in combat. At Ford 
vironmental testing laboratoric 


duce extremes of desert or arcti: 
shock of warship broadside ilt fogs 
When flaws ha 
detected and corrected equip! 


he ivy scuas 
okayed for volume production 
throughout the armed 


Typical of Ford Instrument's 40 years 
of experience in precision contro! is its 
work in the field of nuck 
Company 


for ex umple 
control rod drive mechanisn 
wolf, second atomic submarin 
design sensing mechani 
equipment and systems, nucl 
tions, and other speciali eC 
and abilities are offered by the 


to this expanding industry 





unenergized position, and one of th 
ratchets is released; 2) when the volt 
age of the error signal is above a given 
level, both relays are energized and 
the other ratchet is released; 3) when 
the voltage is in a narrow “dead zone 

one relay is energized and the oth 

unenergized, and neither ratchet is 
released. This latter condition pro 
duces a narrow zone of “zero error” 
Needless to say, it cannot be narrower 
than the error represented by the 
space between ratchet teeth. The s\ 

tem is polarity insensitive, and could 
even operate on an ac control signal. 


Getting 

High Torque 
from a 
Synchronous 
Drive 


A. C. MORSE, Convair, San Diego 


An electronic-hydraulic speed 
tabilizing 
ettective 


inulate nchronous motor wit 


trol system for pin 
airborne radar antenna 

good lock-in torque chara 
ind produ Impressive op 
The unit hold 


ced constant 


Ire que n 
intenna drive 
itenna needs rotate 


} ; 
Phe tr 


a constant 


motor of the 
pe, geared to 
radar antenna Speed contro] 


ichieved through the hydraulic t 


Speed of response is limited by th 
time required for the pawl to engag 
the ratchet. If there are 100 tect! 
per output revolution (therefore | p 
ent possible error), and the output 
revolving at 1 rps, the time between 
possible teeth engagement is 10 milh 
sec. As the inertia of the pawl and 
the force of the pring moving if 
hould enable at least 0.020 in. travel 
the depth of a ratchet tooth) in 
millisec, a speed of 3 rps would ap 
pear to be near the maximum allow 
ible. However, the low inertia of th 


rotating members should allow this 


maximum angula locity to be at 
tained within a milliseconds. If 
the friction or inertia of the load is 
not enough to hold the output within 
; limit oor-bell-like con 
I ment on the ratchet, 
hown in the hematic, can be 
idded to slow it down 
The power gain of the system can 
be quite high if d with the proper 
preamplifier. A single power transistor 
can control enough current to operate 
miniature relay which in turn will 
operate the olenoids to release the 


tored energy in the pring 








TRANSFER VALVE 








1. Hydraulic flow schematic of the antenna spin drive 


magnet 
i gear on 
upplies an alternating 
frequency 15 pl yportional 
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nti compared vith 
quency in two wa ‘ 
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Transfer valve flow curve 
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» to speed, Then, 
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Construction—snap action contacts, totally en- 
closed, extra insulated terminals for terminal board 
use. This relay is available in a variety of mountings, 
Operates in any position, and may be mounted on a 
grounded surface without additional insulation. Stand- 
ard contact arrangement is single pole normally closed. 
Can furnish single pole double throw where extra nor- 
mally open contact is required. 


Operation—When power is applied to the motor 
a voltage is generated in the motor phase winding by 
the run winding as the motor accelerates in speed. The 
relay coil in parallel with the phase winding has the 
generated voltage of the phase winding across its ter- 
minals. When this voltage reaches a predetermined 
value... corresponding to the speed at which the phase 
winding can be disconnected ..the relay picks up, 
opening the relay contacts and disconnecting the phase 
winding from the line. 


Application—r-5-m Potential Type Motor Start- 
ing Relays are used to start single phase capacitor type 
motors where it is impractical or impossible to use a 
centrifugal switch. Such applications as hermetically 
sealed refrigeration and air conditioning motors, gar- 
bage disposal units and deep well submersible pump 
motors usually require relays of this type. 


ENGINEERING DATA 








Specifications 
Contact Forms Available 


Contact Current Rating 


Contact H.P. Rating 


Contact Material 
Continuous Coil Volts 


Underwriters and C.S.A. Status 
UL File Nos.SA1984 and E12139 
CSA File No. LR 13360 


Life Expectancy 





Potential Motor Starting Relay 
91255 Type 

S.P.N.C., S.P.D.T. 

35 Amps. Max. Locked Rotor 
Start Winding Current 

3 H.P. Max.-N.O. Contact Rat- 
ed 1% H.P.-230 Volts 

Silver Alloy or Tungsten 

Up to 500 V. 

Component Approval. Must be 
approved on Specific Applica- 
tion. 

250,000 Operations 








For characteristics other than the above, please consult the factory. 


Send for Descriptive Bulletin 1020 


. ee DIVISION 


ESSEX WIRE CORPORATION, Logansport, Indiana 





OTHER PRODUCTS 


WaGne! wink 
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FIG. 4. Pressure control chara 


Fic.. 3. Block diagram of the antenna’s hydraulic spin drive 
teristic of the  transfe valve 


The \ l ontrolled to hok 
constant regardless of torque di 


ance hei re, the curve of 


i pulp 


Calls the 


pressure di current (Figur 

is an exponential with the zero 
ent point occurring at the valu 
load pressure drop that is nec 
yvercome friction torque. If a h 
negative current signal is applied a 
transient or at a fast rate, AP, goe 


1 very high negative value hunted 
the motor port rut it Wal 


PRESSURE RELIEF found that when the antenna’s rota 


As finally designed, the ystem px was rapidly decreased the load 
, 

mitted this maximum negative pre iped ibove the cracking 

the 2.5 1 supph | I ind the chief ilve opened 


ure to reach 
the load to continue ove 


pressure plus 3,000 psi cra g | mittin 
total ,) pc ding. Ih illed for a continuot 


rv signal And after th pressure 
ufficient] clieved, the reli 


ure, tor a grand 
This design was nec 
flow characteristics and 
trol characteristics of ransfe1 wing ted, would bounces 
‘ ] } 


ilve, the second a dire this give 
ive chatte 


ened its life 
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Slide Rule Improved 
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NEW PRODUCTS 


LISTING IN GROUPS 


1- 5 Designs of the Month 
6-17 Indicators, Amplifiers, & 
Controllers 


18-27 Detectors & Analyzers 
28-32 Relays & Switches 
33-38 Potentiometers 
39-44 Control Valves 

45-52 Power Sources 

53-56 Digital Devices 
57-80 Control Components 





MODULATOR AMPLIFIES DC, alternates it up to 1,000 cps. 


| 
, , ' o arity . " ra 
I hie miqucly con tructed modu deg, linearity to within 14 pe ent 1 placing a shunt resistor in th output 


circuit. A shunt of 4 the resistance of 
a differential transformer. Minimum I'wo of the device's most important the - pie 


ignal current of 30 microamps results features are its contactless operation 
in the maximum deflection of a moy and its actual signal power gain of 


lator shown here operates roughly like yossible. 
| g | 


movabl coal produce im over 
damped condition with a response 


bl | T time of 0.5 sec, for 62 ~ pel cent of 
able coil in the field of a coil ener 28 db. It may also be used as a func full scale deflection 


gized at the modulating frequency tion multiplier, as field coil excitation A capacitor helps put output voltage 

Maximum open circuit output from ind signal coil deflection current are } es 
| ; in phase with input voltage 

the movable coil is 1.9 volts with a multiplied at the output. Since the he littl 


device 2.4 in. long and 
field excitation of 115 volts 400 cps movable coil has no frame, the modu 1] 


in. in diam and weighs 5 oz. It 
made rugged enough for airborne us 
Weston Electrical Instrument ( orp 
Newark 5, N ] 


Circle No. 4 on reply card 


Linearity between the amplitude of lator has no inherent damping ex 
input de and output ae is 24 per cent, cept the negligible amount provided 
iys the maker. If the 100 deg swing by air. However, damping can be 
of the movable coil is limited to 80 achieved to meet requirements by 


Permanent-r igF et 


Fixed electro-magnet 


inother impulse is sent to the ele 
tromagnet, this tim etting up a 
magnetic field of opposite polarity to 
that of the permanent magnet Thi 


MAGNETIC CLUTCH toggels magnetically for impulse ficld is powerful enough to pull the pm 
operation by polarized signals. iway from the driven dis Again the 


clectromagnet can be de-energiz¢ d, and 
the permanent magnet remains at 
tracted to the core of the electromag 
net rather than the driven dis« 
While this design has the disad 


vantage of not allowing proportional 


Maybe your New Product editor permanent magnet, the pm is repelled 
has magnetic clutches too much on towards the driven disc, which it then 
his mind; nevertheless, this particular grabs. Now the current in the cle 
clutch looks like the ingenious prod tromagnet can be turned off, and 
uct of the month the clutch remains engaged. As ther 

Here’s the way it works; A perma is an air gap between the coil and the 
nent magnet dise “floats” between the pm, friction heat, which might result 
driven disc and a stationary electro from slipping, is not directly transmit 
magnet. When the clectromagnet 1s ted to the windings of the electromag 
energized and the polarity of the clec net, nor is any heat from an energized 
tromagnetic field is the same as the coil present. To disengage the clutch, Circle No. 2 on reply card 


control of torque through som« linea 


‘ 


range, a proportional eff may be 
obtainable by a “‘jitter” ac signal of th 
right frequency. Lov ke Machine Co., 


971 E. 63rd St., Cleveland, Ohi 
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AMPLIFICATION, summation, isolation, temperature transmission, handled by plug-ins. 


S 


iturc me 


cat form shown 


Hel i hun I tance lement 


Ith a Vari 0 ) iil j j pro id 
rast-re 1 iT or temperatu 
range iS Na is 2 deg ( vithin 
i range of minus LOO f¢ plu 600 deg 
( ind as wide as that entire range 
Output is 0 to 5 volts, with resolu 
tion ¢ vithin | deg ¢ The 100 
hiims ma muitput unpedan enabk 
Standard | m ecorder to be driven 
directly, or the amplifier n be 
vith telemetering commutato 

Also built into plug-in cont 
ire a servo amplhier, summin 
her, and isolation amplifi I hic 
implifier uitput is LOO milliwatt 
The summing amplifier will accept uy 
to 14 channels of 400-cvclk 
isolating cach better than 60 « 
vectoria widing them to witl ‘ ( 10 unplifies gain 


per cent accuracy. Voltage gain 1s a rO ] with LOO muilliwatt 
justable between 4 and 40 wer output. Rheem Mfg. Co., Gov 
| 


ENVELOPE DELAY meter for 
system transmission delays. 


Ihe ipparatu cen here measur 
transmission delay rf nous — fre 
quence in data transmission line 
and system 

Phi output frequency of the gener 
itor can be manually set or automati 
ally swept through any portion of th 
200 to 10,000 cp band, at peed 
from 4 to 4+ rpm Output power 1 


I] ill Road, 


Circle No. 3 on reply card 





idjustabl from 10 db above to 10 db 
below | milliwatt in a 600-ohm lin 
Phe receiving point can be located I re built into the ceiver, which 
anywhere in the system under test at direct reading of transmission 
Synchronization means for the sweep ( up to 20 ms. Longer dela 


LOW-PRICED dc computer has function generator, fast time, 
and automatic stabilization. 


betes FM ttegse | 


/ j P9949 


th | accuracy 


Acton, Mass 
Circle No. 4 on reply card 
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| NEW PRODUCTS 


Variable Voltage Control for 
CCC ACCC UCM scslosd indicator, 


panel, a re idout 
1 6-in. meter with mu 
( idable l Lilac 

in. dual beam 
‘T iph 

he maker claims th 
reneral-purpos machine 
range to ofter both 
problem lution. In fast-t 
peed of thre pre blem 
tin \ hold switch st 
tion at any point 

Among the machin 
feature l in Auto-Stab 
that automatically set 
it zero before the tart 
problem lo mplif 
problem of a standard ty; 


NEW Adjust A-Yott fabricated General Purpose 


Board ir ivailabl Wit 
vitch positions and knob 
Type 1OOBU t ree oe values without re 
4 } | eth ehys 
variable transformer he standard patchcords setup. Web 
cra orp., 2820 ntario St 2, 
You no longer need to use inefficient, bank, Calif 
awkward rheostats for variable A-C Circle No. § on reply card 
voltage control of 50-100-150 watt ap 
plications, 
You get all the top performance char 


acteristics of a variable transformer INDICATORS 
/, 


with the new Type 1O0BU Adjust-A-Volt 


This highly efficient, compact, toroi AMPLIFIERS 
/ 


dally-wound control unit smoothly de 

livers any desired voltage from zero to 

line voltage or above, Sturdily built to CONTROLLERS 
give years of service, Type 100BU fea 

tures LoRes alloy plated brush track 

and exclusive brush-holder design 


Exclusive Adjust-A-Volt Brush Holder Design Features 


Specially designed stop Extra long brush spring 

prevents brush holder gives free action — uni- 

from engaging winding form pressure from full- . 

when brush is com- brush to no-brush. TRANSMITTING potentiometer 


pletely worn — prevents ¥ i 
burned-out transformer. for low level pickups. 


Said to be based on ent 
principk 1 new tral 
tiometer converts a fe 
put into a 6- to 
he device l 
the low pow 
pickups 1 
ducers to a k 


Write for 18 page Adjust-A-Volt Catalog and full data on rite d . intial , . 
Type lOOBU, or contact your local distributor. ee ee oa ee 


tandard cell hopper 
The compan M 


iid to enable the potent! 


STANDARD ELECTRICAL PRODUCTS COMPANY oe ae aay te Indu 


trial Controls Div. of Mam Vax 
2239 E. THIRD STREET * DAYTON, OHIO, U.S.A well & Moore, Inc., Stratford, Conn 


Circle No. @ on reply card 
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YOU USE ACME SCREWS 
AND/OR SLIDING SPLINES 


This message is of vital interest to you! 


Using nearly frictionless rolling balis between 


mating surfaces, Saginaw has far outstripped 


the capabilities and the efficiency of conven- 


tional Acme screws and ordinary sliding splines! 


The secret’s simple: steel balls recirculating in closed-circuit 
raceways eliminate sliding friction. This principle was pio- 
neered by Saginaw to reduce automobile steering effort. 


TWO TYPES OF SAGINAW ball/bearing SCREWS 


1. Machine-Ground Saginaw b/b Screw. It is already being 
widely used in aviation, electronics and similar industries, 
where its ability to provide precision actuation and positioning 
with far greater efficiency 


and dependability—plus vital 


savings in power, weight and space—has proved a tremendous 


advantage. bac h unit is « ustom-engineered for its applic ation, 


2. Rolled-Thread Saginaw bb Screw. It operates on exactly the 
same principle but has rolled threads, and is mass-produced 
in a choice of 7 standard sizes and practically any serew 
length. Result: production costs have been reduced so greatly 
that it costs no more—often less—than comparable Acme 
screws, which are far less efficient. In many non-critical 


applications it will give completely adequate service. 


BOTH TYPES OFFER THESE BIG ADVANTAGES: 

e At least 90% efficiency guaranteed—compared with 
15% to 2% efliciency of conventional Acme screws 
Far less wear—less maintenance—longer life 
Less than 4 as much torque requirement as Acme 
screws for same amount of linear output 
Consequent savings in 
size and weight of motors 
and auxiliary equipment 
Dependable operation 
even without lubrication 
Will function smoothly 


at temperatures from 
75° to +175° F. 


Screws &. Splines 


THE REVOLUTIONARY SAGINAW bal!/bearing SPLINE 
Radically increases the efficiency of tr insmitting or restram- 
ing high torque loads. Wherever column length must change 
under torque load the Saginau hob Spline ollers unpre code nted 


freedom from conventional spline reatrictions, 


e Approximately 40 times lower coeflicient of friction 
than ordinary sliding splines 


e Far less wear—longer life—greater dependability 
e By reducing power, weight and space requirements, 
permits engineering designs hitherto impractical 
e Dependable operation with or without lubrication, 
at temperatures from 
75° to +175° F. 
Can be fitted with integral 
gears, clutch dogs, bear- 
ing and sprocket seats or 
other attachments for use 
with electrical, hydraulic 
and pneumatic units 


As with all highly successful new products, these Saginaw 
developments are already being imitated—but not equalled, 
Saginaw Steering Gear Division of General Motors Corpo- 
ration—world’s largest builder of steering gears—pioneered 
the recirculating-ball principle in America, and was the first 
volume producer. Saginaw offers you not only superior know. 
how and produc tion facilities, but a number of original design 
features. 


Our experienced engineers are ready and eager 


to recommend the most advantageous applications for you, 


SHOW THIS MESSAGE TO YOUR ENGINEERS TODAY 
iT MAY SAVE YOU THOUSANDS OF DOLLARS AND GREATLY 


IMPROVE THE PERFORMANCE OF YOUR PRODUCTS 


Soginow Steering Geor Division 
General Motors Corporation 

Dept 135, Seginow, Michigen 
Please send detailed information on: 


C) Seginew b/b Screws C) Seginew b/b Splines 


MAIL 
COUPON 
NOW FOR | om interested 
FULL in their application to 
DETAILS 


Nome —Title 


Firm 





Address 


MARCH 1956 





Lepel NEW PRODUCTS 
HIGH FREQUENCY —_—— 


/ / KRS: A line of magnetic servo amphi 
nduction di I yUITCE 


nel requiring no pow 


drive 400 cps two-phase rvo 
E lraming up to +) watt Col 
] 


nal ill be dc Or d 
ments €* Controls Corp 
te 135th St., Gardena, Calif 
C7; 


KZ Circle No. 7 on reply card 
hg ty) 


The Lepel line of induction heat- leayMg 
ing units represents the most advanced . Np 
thought in the field of electronics as well as 
the most practical and efficient source of heat yet je it ” 

developed for industrial heating. With a background of half 
a century of electrical and metallurgical experience, the name Lepel 
has become the symbol for quality in induction heating equipment 
embodying the highest standards of engineering achievement, dependable 
low cost operation and safety. 


if you are interested in the application of induction heating you are invited 
to send samples of the work with specifications of the operations to be 
performed. Our engineers will process these samples and return the com- 
pleted job with full data and recommendations without any cost or obligation. 


TYPICAL INDUCTION HEATING APPLICATIONS 


The illustration shows a lens grinding 
block being heated within the dome 
shaped work coil. The heat: generated 
in the metal block softens the pitch 
enabling the operator to remove the 
ground lenses and insert the next 
batch. The entire operation is com- 
pleted in a few seconds 


MINIATURE recorder available 
in portable models. 


A line of imported min iture record 


ers has clectric or ink chart marking 


| 


A widely used application in which sev ind 8- or 32-day clock moto 


eral assemblies, consisting of a brass cheonous moter drive 
body, six radiator fins and a mounting 

stud, are being soldered simultane Ps inputs range from | ma to 
ously. The production of similar parts 10 volts to 600 volt 

can be further increased by using two 
work coils and a change-over switch 


li 
ula 


is as low a milliwatt 
made by AEG, is about 
and 34 in. wide; its visibl 
is 2 by 4 in. Rectangular 
paper is used. Variou 
tion prov ide variou hart 


Electronic Tube Generators—1 KW; 2)2KW; 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 75 KW; 100 KW. ternational Sales (& E-ngineering ¢ orp 
Spark Gap Converters 2 KW; 4 KW; 72 KW; 15 KW; 30 KW. P. O. Box 281, Wilmington 99, Del 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages packed ' Circle No. 8 on reply card 
rs with valuable information. 

me ww / 

AL Vs : ’ All Lepel equipment is certified COLOR MONTTOR \\ 
auu a |i = ifm | to comply with the requirements 


of the Federal Communications b orption from a tin 
Commission. materials or finished p 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 1 new color-sensin 


vide visual or audibl 


neth 











STREET ‘ th VENUE . WOODSIDE NEW YORK CITY. N.Y 
uct deviation from pr 
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For a 
Remote Shutoff i= 
a 


3-WAY OR 4-WAY 
MANUAL AIR ACTUATED 


ANNIN 


CYLINDER 
14: | L VES PNEUMATIC CONTROLLER 


ACTUATED 


provide the 
complete 
answer! 


... With these advantages: 
e Positive shut-off 
e@ Fast action 
e Spring to open 
or 
e Spring to close 
@ Globe, angle & 3-way bodies 


e@ Carbon steel and all cast 


and forged alloys available d 
. 4 an absolute shut-off dependability and safety with 


ANNICO TEFSEAL SEATS proven in dangerous 
services, such as Liquid Oxygen, Fuming Nitric Acid, 


e Metal seats for high 
temperatures 


Liquid Nitrogen and CO,, Fuels and other 
FLUIDS at all pressures and temperatures —300 to + 450° F 





THE ANNIN COMPANY 


6570 EAST TELEGRAPH ROAD, LOS ANGELES 22, CALIFOPNIA 


Coutrol varves 














NEW PRODUCTS 


> 
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RECORDING TEMPERATURES 
AND OTHER 0.C. S/GNALS 
ON ONE 


CHART 
? 


Observations may be made through 
the range of ultraviolet to infrared. A 
50-millivolt proportional output 1 the 
means for direct process « trol. The 
Spectrostat can simultaneously moni 
tor two factor such as color and 
turbidity. Kaye Development Co., 
South Norwalk, Conn 


qo ae eee 





Circle No. 9 on reply card 
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‘TS EASY 
WITH 7-E'S NEW AuTroRer 
COLD JUNCTION UNIT / 





It's easy now... because Thermo Electric has solved 

one main difficulty involved in such multiple recordings 
—cold-end compensation for the thermocouple circuits. 

T-E's “AutoRef” Cold-Junction Units provide a simple, yet accurate 
solution—constant, predetermined temperature in one, multi- 
thermocouple reference junction—no longer is there any need for 
carefully maintained ice baths. 


SUCRRERER ELE SREEERRLES 
<< = * = = = = = = = & | = =e & 


MEASURING SYSTEM used 
for control. 

Typically, cold-junction temperatures are controlled to +1° F. 
over outdoor ambient temperature range. The ‘AutoRef” Junction 
can be conveniently placed anywhere in the thermocouple circuit 
with copper output leads connecting it to indicating or recording 
instruments, 


(he instrument shown lh is in 
tended for use in place of the tran 
mitting element of a remote gaging 
system. Instead of transmitting a 
reading to the operator on receipt ot a 


A typical unit of 36 circuits (illustrated) measures 12''x12''x12"' Be 
readout signal, this device does som 


and weighs 25 Ibs. Case-type and capacity can be modified, 
however, to meet specific needs. For example, the “AutoRef’’ is 
also available for standard 

4 relay-rack mounting. In 


a _** 9 i ei iii eee ieee 
SRRRRSSRSSRRESESSRRRRSRBRRESLRS SEER RaRReRneeEEEERruRusenes 


thing to the process, such as operate 
a group of relays. When called, th 


station responds with an identifying 


“AuroRer }o~oe———> ~ any operation requiring > ¥, aaa & Jurs Co., Berkeley 
UNIT THERMO” “AN multiple recording of ; d 
temperatures and other Circle No. 40 on reply card 
COUPLE conditions these ‘‘AutoRef"’ 
Cold-Junction Units set new LOW LEVEL MAGNETIC AM 
standards of convenience PLIFIER: The new R6A5MI operate 
OR and efficiency without loss on standard 115 vac line current, with 
RECORDER of accuracy. low current detectors such as thermo 
couples, strain gages, photo tubes, o 
Typical Application Circuit crystal detectors. It will provide push 
pull dc output for a reversible polarity 
LIKE TO KNOW MORE? WRITE FOR BULLETIN 80-8. 


de input signal. It’s rated for a d 





INDICATOR 











Pyrometers * Temperature Monitoring Systems * Thermocouples * Protection Tubes output of 5 milliwatts in a resistive 


Quick-Coupling Connectors and Panels * Thermocouple and Extension Wires load of 600 ohms when timulate d by 
a 300-microamp input Ihe input im 


pedance is 1.000 ohms, and the time 


Thermo Electric 6,Mch ies 


response. Input impedance 1 iriable 
Rochelle Park Post Office, SADDLE BROOK, NEW JERSEY | between 100 and 8,000 ohms. Pols 
IN CANADA—THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONTARIO ‘oh technic Research & Development Co 
Inc., 202 Tillary St., Brooklyn 1, N.Y 
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AUGURAIE fiGi OPED SWIICHING.. 


ELECTRO TEC 


Precision 
Selector Switch 


Withstands Shock and Vibration 
Otters High Accuracy Measurement 
Operates at High Speeds 


- 
o 


CALL OR WRITE 
FOR ILLUSTRATED BROCHURE 


Electro Tec 
Corp. 


0 HACKENSACK 











NEW PRODUCTS 


ONLY CONOFLOW 


orrerns A COMPLETE SELECTION 
of 


PNEUMATIC REGULATORS 


MINIATURE INDICATOR only 
34 in. in diam. 


Ihe little indicator sh bove 
provide clear-cut di play of the fun 
tion it UIpervise Behind-panel 
de pth is onl ] in. Operation of th 
di play is by conventional moving 
coil de meter movement. Marion | 
trical Instrument Co., Greil 
Manchester, N. I 
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V MODEL 1-10 PRECISION ¥ MODEL H-20 SERVICE 
REGULATOR REGULATOR 

JV MODEL PH.10 REMOTE vy MODEL VH-20 Vacuum 
CONTROL PANEL REGULATOR 

¥ MODEL FH-20 FILTER- ¥ MODEL 4-22 RATIO RELAY 
REGULATOR ¥ MODEL DH-71 PURGE 

¥ MODEL F-1 AIR FILTER ASSEMBLIES 


Only Conofiow stocks a complete line of precision-made, 
low cost, pneumatic regulators which meet all the rigid 
requirements of the instrument industry. 


Conoflow regulators are used to maintain a filtered and 
regulated supply to pneumatic instruments... on test stands 
... for a variety of applications on packaging machines 

.. On remote manual control panels .. . for purging lines 
on differential manometers...in bleed systems... for FLOW TRANSDUCERS: Said to bi 


manual to automatic by-pass service, etc., etc. ccurste to within 3 t 
< { { \\ i ; pe i 


Write today for Bulletin H-2 illustrating and describing vised line of strain gage flow transdu 
the Conoflow Series "H"’ regulator line. It's chock-full of ers is available in from 4 to 1 in. AN 
cross section and dimension drawings — performance ¢ 
characteristics and applications. It will be mailed to you 
promptly, without obligation. 


sizes. It’s sensitive to flow in either 
direction, but for the stated accuracy 
the unit must be used through of 
the range of 0.2 to 125 gpm. Ramapo 
Engineering Co., Riverdale, N. ] 
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CONOFLOW CORPORATION [ix===iastarEnInnEEbE 


} 
Cond Or rol FOREMOST MANUFACTURER OF FINAL CONTROL ELEMENTS tics at anv frequency from | 
9 2100 Arch Street, Philadelphia 3, Pa. 1 megacycle is the object 
SALES-ENGINEERING REPRESENTATIVES IN PRINCIPAL CITIES GP4 Baird Associates hi 
ery of Welwerth Comes bridge 38, Mass 


Circle No. 14 on reply card 


124 CONTROL ENGINEERING 





\ 


A-MP’S | 


NEW UNIVERSAL 

PATCHCORD 

PROGRAMMING 

SYSTEMS are designed especially for programming required on 


@ Analog Computers ® Test Equipment 
@ Digital Computers ® Automatic Control Equipment 


@ Data Processing Equipment and similar devices 


These units incorporate many new design features that assure reliable 
programming for the most critical applications. They are now available 


with 240, 816 and 1632 contacts. 














©OAMP # 


AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Stree 


t Marrisburg, Pa. 
In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD ’ 


1764 Avenue Road, T t 12, Ontario, Canada 
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The small, lightweight “sniffer” or 
sampling probe shown above, used 
in conjunction with Consolidated’s 
world-famous mass-spectrometer 
type Leak Detector, is industry’s 
most powerful means for combating 
leaks in hermetically sealed pressure 
or evacuated systems, large or small. 
Sensitive, rapid, economical and re- 
liable, the mass-spectrometer method 
locates leaks undetectable by any 
other method . . .and does it at mass- 
production rates! It’s perfectly safe 
for both operator and the system 
under test and is the one sure way of 
protecting products against the rav- 
ages of moisture, dust, high altitude, 
corrosion, and arcing. 


high- 
for-lilel-is 


WT -F-Tolola 


against 


f=¥- 1.453 


two model/s fo fit your needs... 
The standard Type 24-101A detects 
one part of helium (employed as an in- 
ert, perfectly safe tracer) in 200,000 
parts of air... measures leak rates to 
10~° std cc/sec. The ultra-sensitive 
Type 24-110 detects one part of helium 
in 2,000,000 parts of air! It is valuable, 
for example, in atomic-reactor equip- 
ment and for the production of 
“reliable-type” electron tubes. SEND 
FOR BULLETIN CEC-1801D-XI15. 


Consolidated Electrodynamics 
formerly PB tb tl Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 
300 No. Sierra Madre Villa, Pasadena, California 


Sales and Service Offices in; Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, 
Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle. Washington, D. C. 
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WIDE BAND AMPLIFIER 
feedback stabilized 
fier, designed to amplify the fa 
encountered in nuclear resea 
bandwidth from 2,000 ec 

| 


wideband 
Widcdali 


ontinuo 


criminator | nclud 
(F Physical Instrument ¢ 
27th St Long Island Cit 
Circle No. 15 on reply card 


TRANSISTOR dissipates 3.5 
watts at 100 deg C. 


Said t ¢ ideall uit 
unpiHnes L yp 97 ( 
insistor dissipate 

deg C and 3.5 watts at 
Power gain is 15 db at 
put, cl B operation, Texa 
ment Inc., 6000 


Dallas 9, Tex 
Circle No. 16 on reply card 


) 


I Cin 


PRESSURI INDICATOR-CON 
PROLLER Designed to yn tre 
pressure \ 


of water 1 


ranges as low as 0 t 
1 new indicato 
free-floating 
diaphragm for range 
water differential o 
Johnson Service Co 

Wi 


that us a 
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DETECTORS AND 
ANALYZERS 


PRANSFER FUNCTION 
LYZER: A new English pr 


isting of a low 


ANA 


rrequency « 
oscillator and a low frequ 
ensitive voltmeter, is off 
tems designers tor the 
truchion of Nyquist 
quency range 1s 0 l evck 
curate to 
or minus 3 per cent 
the output of the 


indicators are a 





he phase 
nsitive ' itmeter along vite the ate 5 
put f the yvstem unde test Read HERE S HOW 


ings of in-phase and quadrature volt 


can be plotted directly on squared THE NEW BRITAIN MACHINE COMPANY 
gr iph paper to vield Nyquist diagram 


Solartron Electronic Group, Ltd., | AUTOMATION 


I'hames Ditton, Surrey, England 


Circle No. 18 on reply card | GAGGING TO WORK 


ige 


HIGH PRESSURE SENSOR: A new 
automatic beam balance is offered to 
instrument makers for making mea 
irements in the pressu range above 
that handled by conventional barom 
et or manometer, i. 100 in. of 
rv. Ideal-Aerosmith, Inc 
S. Cerise Ave Hawthorne, Calif 
Circle No. 419 on reply card 





PRESSURE TRANSDUCER: N 
P-] pr I transduce take n 
to 100 p 
different 
pressure 
rating 1 
Instead 
lifferential transfo 
Variations in magn 
ice to vary its output Pace En 
gineering Co., 6914 Beck Ave North 
Hollywood, Calif 
Circle No. 20 on reply card 


yNe}olit-tomcom- Mb (ami lahe-llabaClalell \\a-\hdolasl balom @]eT 1 
Boring Machine, Pratt & Whitney AUTOMATION 
GAGING provides in-process gaging plus 


ai) lobed ol-lol seololahige] Mi iolae lehdelasl tilothdele) Mat 1 -fadlale 


The results Far greater accuracy with a tolerance of 
.0003” constantly maintained i ruls roduction. Very 


COLOR SENSOR’S sensitivity high output — machining internal and ternal diameters 
exceeds human eye’s and facing at a rate of 120 pieces per hour — because down 


time for checking parts and adjusting the machine is elimi 


I tl 


Mi ’ i ent of color transmittance nated Lower production coat than} t fu 4 automatic 
nce within 0.0001 refle operation and fewer reject 


nplified through th You've heard about Automation THISISI1 proved 
ilibrated in 0.0002 practical and ready to go to work fo 1 right now. So 
Model IV m write West Hartford, outlining your producti yroblem 
| measu Cy and let P&W Automation Gaging Enginee Ip you pro 


duce more accurately, more profitably automatically. 


nt in proce mtrol 


. } 
for the Control Engineer 


CONTROL ENGINEERING October 


1955. Manufacturers Engi y) PRATT & WHITNEY COMPANY . 


quipment ( orp 


NCORPORATED 
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CONTACTOR TACHOMETER: A 
y tachomet indicator has high BRANCH OFFICES AND STOCK BIRMINGHAM* + BOSTON + CHICAGO 
ieasil . wer f F CINCINNATI + CLEVELAND + DALLAS (Southwest Industrial Seles 
‘ ‘ : Co * DETROIT + LOS ANGELES + HOUSTON (Tri-Tex Machine and 
Tool Co.) + NEW YORK + PHILADELPHIA + PITTSBURGH + ROCHESTER 
SAN FRANCISCO « ST. LOUIS + EXPORT DEPT., WEST HARTFORD 


. 
FF t ONLY 
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Visit ovr Exhibit 
the 


ot 
IRE NATIONAL 


CONVENTION 
Booth 629-63! 
March 19th they 22nd 


CONTROL 


7 This is it! 


FOR JET POWER MEASUREMENT 
WITH UNRIVALED ACCURACY 
SPECIFY NORDEN-KETAY PRESSURE 
RATIO INDICATING SYSTEMS 


Combining maximum reliability with light weight 
design Norden-Ketay Pressure Ratio Indicating 
System provides you with the most accurate method of 
thrust measurement assures you of optimum 
safety in take-off and fuel economy at cruise. The unique 
Transducer design is being applied to other aircraft 
instrumentation including: machmeters, high 
accuracy altimeters and air data systems 
EXTREME ACCURACY 
temperature; +0 02 pressure ratio from 
+ 70°C, + .025 pressure ratio to 120°C 
HIGH RELIABILITY—withstands high over-pressures 
eliminates hysteresis effects to insure long-life 
dependability, Operates at altitudes from 
0 to 75,000 feet 
RUGGED DESIGN—will meet latest military and commercial 
requirements. Engineered for simplified maintenance 
Exclusive floating disc suspension insures accuracy 
under environmental conditions of 
MIL.-E 5272A 
FLEXIBILITY—three basic systems which can be 
adapted to your particular needs. Transducer 
withstands high temperatures and vibrations 
of engine mounting 


For complete details write for data file # 183. 


+ 0.01 pressure ratio at room 
55°C to 


NORDEN-KETAY (CORPORATION 


Instrument and Systems Division 
Wiley Street, Milford, Connecticut 
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NEW PRODUCTS 


' ' it 

ith an rie 
Metron Instrument Co 
St Denver Colo 


Circle No. 22 on reply card 


NJ 


PRANSDU¢ 


Induct 


DISPLACEMI ER 


lineal 


Farrand Controls In 


d., New York 7 N 


Circle No. 23 on 


eply card 





HEAT FLOW detector has high 
output, sensitivity. 


Mad fa p 
penny-sized = dis 
that a | 


q rt pet hr genet 


CTISItive 


Internal impedai 
mid 

rip 
ipphi 


thermal resistan 
Btu po q it 
ition in control, ft 


iit pel 


unit has use in the 
thermal 
placed im conducting bodi 
Lab 
Island Ave 


Circle No 


mecasu 

onductivitt j t hy 

National 
Hit | 
Mad 


24 on reply card 


ratori In 
Riverdal 


Instrument 


Rhode 


LOW 


low 


1) 


PRESSURE SWITCH: A 
| 


pressure switch is de 


vith vy low vacuum 

required im im 

It can be adjust 
lifferentials of 

water column. The Henry G 

Co., 12-16 Astoria Blvd., Long I 

City N.Y 


tion 
olumn 


operating 


ind 
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..» Where reliability counts most 


p here 


* \ ‘ 
} mos ( ( QO Up here, performance must be swilt precise 
“ h I / predictable. “Almost good enough” 
( a ) could mean disaster. 
Today, at Norden-Ketay, experienc ed engineers 
are meeting missile quality demands in 
instrumentation for guidance, computors data 
ntrol, components and 


t do! 
transmission, automatic cor 
wont do other vital functions. The same skill and 

© inventiveness responsible for the high level 
effectiveness of the AN/ASB.-1 all weather Bomb 
Director System, for example, is currently 
engaged in the development of the most advanced 
systems for military and commercial use. With 
the wide range of facilities at their disposal 
.. with the ability to develop completely new 
components where needed ... Norden-Ketay 
is particularly suited to carry out major projects 
in instrumentation — from development to 


volume production, 


y r ‘ 
NorvDEN-KETAY (ORPORATION 
99 Park Avenue, New York 16, New York 


SERVOMECHANICOM COMPONENTS « FRE 
AIRCRAFT INSTRUMENTS e AUTOMATIC CO 
SYSTEMS © RADAR « COMPUTORS 


outhwestern U.S. and 
oficial United States eo 
tograph made from the re 
search rocket, Viking 12, at an alti 
tude of 143.4 miles 





BOURNS now offers an 
expanded line of 


y 


] stock models of 


suD-miniature potentiometers 
to serve many special needs 
at no extra cost! 


] 


First there's the 120 Wirewound TRIMPOT, with features common to all 
other BOURNS TRIMPOTS. It's a 25-turn potentiometer, easily adjusted, 
and weighing only 0.1 oz. Rectangular in shape, it fits readily into mini 
ature electronic circuits. You can mount it individually, or stack it compactly 
with standard screws. Mountings are interchangeable with those on all 


other TRIMPOTS. 


The self-locking shaft holds stable settings under extreme environmental 
conditions. All parts are corrosion resistant. Every unit is inspected 100 
for guaranteed specifications. Resistances: 10 to 20,000 ohms, with resolu 


tions as low as 0.2% 


Now, to give designers greater latitude, BOURNS has developed and is 
manufacturing the following standard models—variations of the Model 120 


Twinpor 
= Potentiometer 





130 TRIMPOT 
— Solder Lug 


or — direct to the 
rument, us der- 


nst 
ing iron di 
ites Uaatte eeas 


160 TRIMPOT 
— High Temperature 


t 175°C. High 
power rating: 0.6 watt at 





132 TRIMR 
— Variable Resistor 


High resistances —up to 
50, ohms in a wire- 
wound rheostat. 


230 TRIMPoT 
—Humidity-proof 
meats Mitt S27¢A spect 


idity. 


Write for literature on the BOURNS TRIMPOT line 


OQURNS LABORATORIES 


General Offices: 6135 Magnolia Ave., Riverside, Calif 
Plants: Riverside, California— Ames, lowa 
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ACCELEROMETER’S linearity 
is to within 2 per cent. 


ignated the Mo (AG 
line yf linear 
positive or n 
ms in either the 
zontal plane The 
plus or minus 0.5 
hreshold can b 
0.009 g. Power for th 
ealed units is 20 vde. Size 
20 in. in diam. Docleam D 
Minneapolis Honeywell Regulat 
100 Soldiers Field Rd., Be 
Via 
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PRESSURE PICKUP survives 
blasts, hears voices. 


Sensitive enough to de 
ure waves generated D 
Oct 1 new Swiss-mad 
pickup is also said to be 1 
to live through rocket 


1 


ions that demolish a 





WHY ENGINEERS 
FEEL AT HOME 
AT ROCKETDYNE 


l'irst and foremost, RockrerpyNe talks your languag« tion devices, controls, dynami t tures and instru 
ind understands it too. Your associates and super mentation are just a few of the related fields that could 
isors here are professional people like you. ‘They 1 open your future at KRockrrpyN) 

pect your status, your thinking, your ideas and your RockETDYNE $ design and manutacturing center and 


interest in technical advancement its nearby test laboratorv hou implete idvanced 
RocKETDYNE will encourage you to choose thi facilitic the vital tools v cod to mast te 


held that is most satisfying and rewarding truly challenges of rocket engin 


ROCKETDYNI ] North An ocket cngin 


division. It has just moved into new ultra-modern 


best for you. This is possible because its activit 
Ili lude 5 the full range ot rocket CHigine development 
from preliminary design to field testing and produ 
| : P he quarter in Canoga Park ited im the beauti 
tion because its program include development 
ful West San Fernando Valley of Los Angele Thi 
of the largest liquid-propellant rocket engine im _ the , 
Western World because it has contracts with all ireca 1s famous for its fine reside ections, modern 
branches of the Armed Services and the guided mi il hopping-center CONVCHICHC? ( re itional and 
industry for broad variety of rocket engine types and cntertamment faciliti \ny point in the San Fer 
i7¢ nando Valley i yuist minute | ce from the beach 
It may urpris¢ vou to know you can qualify fol ind thie we ithe ] pica inf 1] | wound Many 
i career at RockrerpyNe with or without specific rocket engineers are inter ted in | courses offered 
engine experience! Engineering experience in heating — by fine chools like UCLA ' ind Lech, all 


ind ventilating, hydraulics, pumps, turbines, combu within a short drive from ou 


THESE POSITIONS NOW OPEN AT ROCKETDYNI 
DESIGN & DEVELOPMENT ENGINEERS DYNAMICS ENGINEERS 
Mechanical, Chemical, Electrical, Aeronautical, Stand Iv analyze rocket engine control tems utilizing eles 
puter BS.. MJ or 


ponents and systems design or development. Turbine B.S.E.E. necessary. Prefer advances | 


ards, Structural and Stress. For rocket engine com tronic analog and digital con 


xperi 
pump controls and combustion device experience pre ence in servomechanisms nm desired 
ferred rHERMODYNAMICIST 


lo analyze, design and 
TEST ENGINEERS ina ign a 


c and ipersonic turbin 
Experienced on engine systems, combustion devices ; 


lal steam turbine experier 
turbines, pumps and engine instrumentation WEIGHT ENGINEERS 
EQUIPMENT DESIGN ENGINEERS ELECTRONICS TECHNICIANS 
Electrical, mechanical, structural, industrial. For design  speciriCATIONS ENGINEERS 


of facilities, specialized test, and handling equipment ENGINEERING DRAWING CHECKERS 


i een em PETITE & 
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FERRANTI 


HIGH SPEED TAPE READER 














The Ferranti High Speed Tape Reader accelerates 

to full speed within 5 milliseconds and stops within 

3 milliseconds. It has been in use at leading computer 
installations for over two years and has achieved a sound 


reputation for simplicity and reliability in regular operation. 


ELM ( 1) Mark II model reads at speeds up to 200 characters per 
second, and stops the tape from full speed within a character position — 
within .03 inch, The tape is accelerated to full speed again in 5 milliseconds 
and the following character is ready for reading within 6 milliseconds of 
rest position. 

(2) Mark IIA model reads at speeds up to 400 characters per second, 
and stops within .1 inch. 


LAL SY SELS Se Both models read either 5 level, 6 level or 7 level tape 


by simple adjustment of an external lever. 


Bs 1. tape is easily inserted without complicated threading. 


Lap or butt splices are taken without any difficulty. The same tape may be 
passed thousands of times without appreciable tape wear. The optical 
system has no lenses or mirrors to get out of alignment. Friction drive is 
independent of sprocket hole spacing. 


LARGE OUTPUT Amplifiers are included for each channel, including 
a special squaring circuit for the sprocket hole signal. Output swing 
between hole and blank is greater than 20 volts. 


Dimensions: 9” «x 1142" x 11%" Weight: 37 Ibs. 
For use with long lengths of tape up to 1000 feet, spooling 
equipment operating up to 40 inches per second for take-up 
or supply is available separately. 


FERRANTI ELECTRIC, INC. 


30 Rockefeller Plaza New York 20, N. Y. 
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It » study the effect 
tion, combustion, port actio 
on cylinder pressure im ga 
gines, but the pl kup require 
ing ivs the maker. Its ini 
bration is said to last its lif 
high pressure adapter, th 
normal range of 0.1 to 3,000 | 
be upp d to 20,000 psi. An u 
high output of over 500 vol 
ured with an clectrostati 
means that it requires a min 
unplification to operate 
‘) Op 

Ihe pickup uses a compo 
phragm con isting of a corrug 
outer ring with a stiff inner 
in somewhat the way that loud 
ire constructed. Sensit 
1 quartz crystal with a lin 
Also shown in the photo with 
long pickup the Piezo-Ca 
variable calibration sour 
its own m ury batt 
for accurately measuring th 
output. The calibrator ty 
pedance matches the input of d 
loscopes. Kistler Instrument Co ++6 
Pierce Ave., Niagara Falls, N. Y 
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RELAYS AND 
SWITCHES 


TINY RELAY’S 5-amp contacts 
have flexible arrangements. 


Model CRI relay featu 
choice of contact arrangement 
despite its small size, 5 amp 
ontact. Coils for a 
voltages are tocked. Ohmiute 
Co., 3683 Howard St., Skokie, I] 
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VW ° 
This Is What I Want in a Potentiometer” 





er to meet a wide 
t additional design 





Versatility A potentiomet 
field of applications withou 


changes. 
Permanent Accuracy Resistance element in- 
ded within the housing. All leads, 


tegrally mol 
taps and terminals firmly encapsulated, perman- 


ently locked in place. 
Rigid, fixed lea 
ce element. 


tiometer that possesses 
ectrical stability 


Long Life d screw to guide 
contact ove! resistan 
A poten 


hanical and el 


excellent mec 
mental conditions. 


under extreme environ 
nearity—A potenti 
o it. I don't want to 


ometer with line- 
hunt for linearity 


Absolute Li 
arity built int 
by trimming. 


st meet my rigid commer: 


Specifications It mu 
equirements. 


cial and/or military equipment r 
Availability I want the model that fits my 
needs readily available in production quantities 


BORG 900 SERIES 
MICROPOTS 


Meet All These Requirements 


“It's tops!’’ 's 

ee pot mi oo engineers every- 

aang _s ‘on the Borg 900 Series 

6a septal ot the tremendous demand 
production to new high levels 


A precision 10-turn potenti 
| assuring 
you 
fast delivery of any model 
al in any 


ometer that offers yo 

products a price a 
in today’s setbeye vem 
markets. Engineered les 
easy installation with 9 
inch coded leads. Accurat 

dependable, long lived ¥ 


q A 
y ll m le bs ire val ible Ow 
uantit 48 OGeé ls c € a le > no 


It's no we . 

i te these pots have had such a 

“New Rage for they are truly the 

Let us send you eed Precision tcanitiniaiie 

of your nearest Bc oo data and name 
org ‘“Tech-Rep”’. Write today 


=1@) 
RG EQUIPMENT DIVISION 


THE GEO 
R 

GE W. BORG CORPORATIO 

N 


4 
ANFSVILLE, WISCONSIN 
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WANE aoa 


ACTUAL SIZE 


UP TO 100 K 


PRECISION 
WHOL 


Now You Can specify a Waters pot for your miniaturized designs 
that require SOK and 100K potentiometers. In the reliability-proved 
construction of the AP-'2, these new, higher values give you: 

® Resistances — 10 ohms to 100 kilohms 

® Ganging — up to four units 

® Three mounting styles — plain-bushing, 
split-bushing, or servo 

© Three terminal styles — radial, axial, or wire-lead 

® Automation models — for printed circuits 

e Encapsulated designs available 


General specifications: Centerless-ground, stainless-steel shaft can 
be sealed with O-ring; gold-plated, fork-type terminals; 2% standard 
linearity for SOK and LOOK 5% for lower values; temperature 
range 55 to 105C, to 125C on order; 2 watts at 80C; anodized 
aluminum body 42” diameter 2” long Se” long for LOOK; 
corrosion-resistant-alloy bushing; all electrical connections spot- 
welded or soldered; furnished with stops or for continuous rotation. 
Write for data sheet on these dependable 2” potentiometers 

Do you ever need pots that are “just a bit different’? May- 

be we can help you — by modifying a standard Waters 

design or by taking a bold, new approach. Tell us your 

need and we'll tell you what we can do. 


ERS - MANUFACTURING, | 


Wayland, Ma 
ENGINEERING OF 
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SENSITIVE RELAY 
mechanical design 1 
sponsible for a 15 per 
winding space in a n 

tive relay. Sensitivit 

are supplied with 
22,000 ohm The hig 
sure of the new design 
able the relay to resist sl 
to 25 g. It weighs only | 
ling Engineering, Princeto ] 
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CAMMED interrupter provides 
pulses with accuracy. 


Driven at speeds f 
rpm of faster, th 
here use pecialls 
to operat leaf-t 
TAXI Crrol bi 
me cam is 1.5 
on any two Wi 
witch pile-ups are ava I] 
Cabot Divs. of National P 
Co., In 125 Amory St B 
Mass 
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Made in U.S.A, 


lay) 


| 
SENCO 


} 








SMALL DELAY relay is 
adjustable despite seal. 


A new, hermeti 
time delay relay 
provides lapse 
to 99 sex ich rang 
from the outsid 
disturbing hermet 
stock range from 
vde. Spst normaliy op 

ry 3 amp 





+ Second St., Eliza 
Circle No. 31, on reply card 


TIMER: Independent on-off ranges 
distinguish the Ferrara Model T 3. 
Its contacts are rated at 20 amps, 115 
vac noninductive Accuracy is said 
to be within 1 per cent for the stand 
| ran f 0.3 to 25 sec and 0.5 to 
90 sec per section. Ferrara, Inc., 8106 
W. Nine Mile Rd., Oak Park 37, 

Mich 
Circle No. 32 on reply card 


POTENTIOMETERS 


QUARTER-INCH trimmer pot 
sheds 14 watt. 


Although little larger than the 
haft of the average pot, a new pea 
ized product packs a minimum of 
100 turns of resistance wire and han 
dies up to } watt. Electrical travel is 
0) deg ize 0.288 in. OD by 0.430 
in. long. Resistances are available 
from 680 to 4,700 ohms. Carter Mfg. 
Corp., Hudson, Mass 
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MINIATURE POT has several 
favorable options. 


Listed as model RVG-10 is a new 
miniature pot available with resistance 
ranging from 20 to 30,000 ohms and 
linearity within 0.25 per cent when 
pecihed lhe Gamewell Co., Newton 
Upper Falls 64, Mass 
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ONE-INCH TEN-TURN PO’ \ 
redesigned ten-turn pot, | in. in diam 
and | in. long, is rated at 2 watt 
with linearity ithin 4 per cent, and 
resistances ranging from 500 to 100, 
000 ohms. Circuit Instruments, Inc., 
P.O. Box 355, 1927 First Ave. South, 
St. Petersburg, Fla 
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EAGLE FLEXOPULSE 


repeat cycle timer 
WITH S.P.D.T. SWITCH 


No gear change or resetting of cams required 


¢ 
Th: OFF TIME On TIME | 
This Flexopulse Repeat Cycle Timer is ;, 


ideal for controlling processing machines & 
requiring adjustable timed cycles. The “on” | 
or “off” intervals are easily adjusted, Kither 
can be adjusted without disturbing the set- 
ting of the other. Instead of resetting cams 

or changing gears, simply loosen two knurl- ( 
ed nuts. Then set “on” and “off periods by; 
moving adjustable pointer. Tighten screws, - 
and the job’s done. = 


aojustagie wie snlustagit 


! 





cOWTACY comract 
21 
HAS CYCLE PROGRESS INDICATION CLoseo CLOSED 


A movable flag indicator passing over the time scale between ad 
justable arms, indicates portion of cycle elapsed in either of the 
s.p.d.t. positions. Switching operation takes place at zero 


Flexopulse is ideal for periodically operating valves to reverse 
the flow of liquids, for operating signals or for injecting chem- 
icals. 120-second up to 20-hour dials are available. Synchronous 
motor powered, Send coupon today for free Bulletin 320 


FREE BULLETIN, MAIL COUPON 


EAGLE SIGNAL CORPORATION 
industrial Timers Division, Dept. CE.356 
MOLINE, ILLINOIS 
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WRITING 
CIRCUITS 


RECORDER ——> : 
‘“ — 
To see this and other - 
RADIATION, INC. 
a you are 
cordially invited to 
visit Booth 10 at the 
IRE Show, 


Kingsbridge Palace 


No Writing Inertia 
— high transient response 
No Record Processing 
— directly visible writing 
No Preprinted Chart 
—— simultaneous scale writing 
No Reading Aides 
— naked eye reading to +0.2% 








Analog-to-Digital-to-Analog Recording — the new concept im 


analog recording 


RADIATION Inc. 


Electronics . Avionics > Instrumentation 
Personnel Inquiries Invited 





Melbourne, Fla 


Orlando, Fla 





Contel Cases 10000 P& |} 


WITH VICTOR GAS-0-DOME REGULATORS 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates. 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series 





GAS-0-DOME 
SERIES 


GD 30 


DELIVERY 
RANGE (p.s.i.) 


0-2500 


SPECIAL FEATURES GASES HANDLED 





High Delivery Flow Rates. 


VICTOR’S LONG EXPERIENCE 

IN PIONEERING HIGH PRESSURE 
GAS REGULATION is yours for the 
asking. For details, and complete 
data on Gas-O-Dome Regulators, see 
your VICTOR dealer or write us for 
catalog 341. Dealer inquiries invited. 


VICTOR EQUIPMENT COMPANY 


Mirs. of welding & cutting equipment, hardfacing rods, 


blasting nozzles; cobalt & tungsten castings. 
844 FOLSOM ST. + SAN FRANCISCO 7 
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6031 
GD 618 
GD 628 


GD 80 


~ GD 81 
GD 10 


SR 10 


0-3600 
~ 0-2500 
0-3600 
0-5000 
010000 
0-500 


0-1000 


Accurate Valve Control. 


Excellent Capacity. Compact — : 


7 Ilb.— 4” x 6” x 6”. 
—67° to + 160° F. Range. 


Accurate Valve Control 
—67* to + 160° F. Range. 


Self-Relieving Pilot Regulator 
Control. High Flow Rates. 


High Pressure, Low Flow. Com- 
pact—4 ib. —2” x 6” x 6” 


Air 

Argon 

Helium 
Hydrogen 
Nitrogen 
Oxygen 

—and others 
non-corrosive to 
bronze and 
Stainless steel 








SR 100 





0-30 & 
0-40 





Corrosion Resistant. 





Ammonia (wet or dry) 
Boron Trifluoride 
Chlorine (wet or dry) 
Hydrogen Sulfide, 
Hydrogen Chloride, 
Sulfur Dioxide—and 
other corrosive gases. 











NEW PRODUCTS 


PRECISION 10-TURN: Featuring 
linearity within 0.015 per cent is a 
new 5-watt, 10-turn pot that run 
with 0.61 7-110 torque Resistance 
range is from 2 to 100 K ohm nicl 
Ze 1 n. OD by in. long 
Analogue Controls, Inc., ) Rosell 
St., Mineola, N. Y 


Circle No. 36 on reply card 


OWATT POT \ new ring-typ 
rheostat can be upplhied with resist 
inces up to 20,000 ohms. It is de 
igned for industrial controls subject 
to severe mechanical shock. Size i 
22 in. OD by 12 in. long. Ward Leon 
ard Electric Co., Mount Vernon, N. Y 


Circle No. 37 on reply card 


PRECISION POT: Among. the 

tures of a new pot, model 745-1 
vhose linearity is to within 0.1] per 
cent and even higher on special order 
is its ability to accept up to tap 
Six can be ganged without disassem 
bling an of them Lhe tarting 
torque is | oz-in., OD-34 in., and 
resistance range 50 to 150,000 ohm 
Fairchild Camera and Instrument 


Corp., Hicksville, N. Y 
Circle No. 38 on reply card 


CONTROL VALVES 


5,000-PSI valve explodes 
open in 0.002 sec. 


Normally closed against pressure 
up to 5,000 psi, this cigar-sized valve 
can be opened in 0.002 se by a 4-amp 
current. Gases from the explo ion that 
perform the feat do not enter th 
ystem or cape into the atmo phe re 
Operation of the one-shot device 
completeh ilent low passage 
the valve qui ilent to n. 4 
eter. | Kp! sive Products Div. of Conax 
Corp 7511 Sheridan Drive, Buffalo 
21, N. ¥ 

Circle No. 39 on reply card 


LOW COST—HIGH QUALITY 


— 


Potter & Brumfield, with its many years 
of Engineering and Production experience, 
builds relays to all quality levels. 

Relays from the most exacting to the 
simplest in operating specifications are 
readily available at P&B. 

Small or Large quantity orders receive the 
same careful attention by the people 
that have the “Know How.” 

Let Potter and Brumfield engineers 
become part of your design group in 
selecting the correct type of relay to 
meet all requirements. 


For quick delivery over 350 different standard relays 
stocked by 500 Franchised Electronic Parts Distributors 
throughout the United States and Canada. 


Send your specifications for 
samples and quotations. 


Pitter Hrumpield 


PRINCETON, INDI 


MARCH 





EBERT CREATES 
_ Engineering 
Excitement! 


The » Forget it 
New * , once it's 


Minirelay installed! 


with the World's Smallest 
Mercury Plunger-Type Relay 
FOR ALL LOADS UP TO 20 AMPS 


Proven in use at Full Load 
for millions of Makes and Breaks 


ECONOMICAL © DEPENDABLE * TROUBLE-FREE 


* 35 Millisecond Fast Action! 

*® Installs in one minute! ® No maintenance required ! 
* Hermetically Sealed! ® Explosion Proof! No Sparks! 
MM a et a 
*® Dust, Dirt, Moisture Proof! 

*® Available Normally Open or Normally Closed, SPST 


* Meets all Miniaturization Standards! 





General Purpose, Motor & Tungsten Lamp 


TUBE LOAD RATINGS 


2720 AMPS AT 115 Volts, A.C 10 AMPS AT 230 Volts, A.¢ 
AMPS AT 120 Volts. 0.¢ 35 AMPS AT 220 Volts, 0.¢ 
1.5 Hp. at 115, 230 or 440 Volts, A.C 
Va Hp. at 120 and 220 Volts, 0.¢ 











FREE fact file on the New MINIRELAY 


Write for your copy today 


EBERT ELECTRONICS CORP. 
212-13 Jamaica Ave., Queens Village 28, N. Y. 
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POSITION SOLENOID VALVI 


th position « l olen 


| 


NAY VAIVE Cdtll 
Im the 


Tin 


out 


Circle No. 40 on reply card 


DOUBLE-SOLENOID VALVI \ 
new double-solenoid { 

four-wa lve requir yrs 

tarv electrical contact. It 


j ] 
it up to 600 cpm solemn 


rp 
Ohio 


Circle No. 41 on reply card 


SELECTOR VALVE’S speed 
eliminates oil shock. 


\ new fou 
motor-driven to m 
i cr ymnd thu eliminat 
hock I hie valve 
tion 
eratil 
Both 
vd mot 


Glendale, Calif 
Circle Mo. 42 on reply 


PNEUMATIC GATI \ 


} rT t 
| pheutild 


ystems cuts off u 


portion f 








ible valve sizes range from 4 to 12 in 
They have pneumatic operating cylin 
ders. Allen-Sherman-Hoff Co., 259 


I. Lancaster Ave., Wynnewood. Pa 
Circle No. 43 on reply card 


BASIC control valve adapts 
to many variations. 


Inverting the superstructure of this 
diaphram-operated control valve 1 
verses the action with respect to con 
trol pressures. Sizes from 4 to 8 in 
will be available in the new S-3000 
cries. All internal parts are removabk 
through the valve bonnet. The Ham 
mel-Dahl Co., 175 Post Road, War 
wick Industrial Park, Providence 5 
i & 

Circle No. 44 on reply card 


POWER SOURCES 


300-V POWER SUPPLY: Low noise 
300-v power-and precise regulation are 
aid to be the features of a new power 
supply. Model 2 will deliver up to 
|! amp at 300 v. Input supply fre 
quency can vary from 50 to 800 cps 
but ripple stays under 4 millivolt 
Kastgap Co., 285 Columbus Ave., Bos 


ton 16, Mass 
Circle No. 45 on reply card 


15-V POWER SUPPLY A new 
power supply delivers up to 1 amp at 
from 0 to 15 v and offers extremely 
close regulation de spite line voltage 
chang Plug-in chopper-type stabil 
izing units, which are optional hold 
output drift to within one millivolt 
in 24 hrs. Load variations up to on 
inp do not affect output more than 5 
millivolts with the stabilizer at worl 
Consolidated Electrodynamics Corp., 
300 N. Sierra Madre Villa, Pasadent 
15 alif 


Circle No. 46 on reply card 


HV POWER SUPPLY: While th 
uitput of power supply model PS-2 
regulated within 0.01 p ent 

1 load change from 0 to | 


ut hange of 10 pel 





BARBER 
COLMAN 











Cmall Motors 


chosen for servo unit 


of Varian graphic recorder 


The Varian Model G-10 Recorder, made by Varian 
Associates of Palo Alto, California, is designed to 
provide maximum versatility for a wide variety of 
product testing and research applications. The chart 
pen is positioned by a self-balancing potentiometer 
type servo employing a Barber-Colman EYAZ re- 
versible motor. For highly dependable actuation of 
your instruments or products, too, there is a wide 
selection of Barber-Colman smal! motors up to 1/20 
hp. Unidirectional, synchronous, and reversible . . . 
with or without gearing .. . open or enclosed. Write 
for Catalog F-4271-6 

FREE DATA SERVICE ON WIDE LINE OF SMALL MOTORS 


The Barco! line includes unidirectional, synchronous, and 
reversible motors up to 1/20 hp With and without 





reduction gearing open or enclosed type Expert eng 
neering service available. Write today, tell us your 
problem, ask for free data sheets 


Barber-Colman Company 


DEPT. C, 1271 ROCK STREET, ROCKFORD, ILLINOIS 


Small Motors eAutomatic Controls .industrial Instruments Aircraft Contr «Air Distribution Products 
Overdoors and Operotors «Molded Products «Metal Cutting Tools «Machine Tools. Textile Machinery 
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THE 


—metttor_ K-] 


PRECISION BALANCE 


It represents a unique combination of two very 
important features ... speed and precision. 


Speed: as many as 20 weighings per minute on repeti- 
tive operations. The result can be read easily on the 
clear projection of the optical scale. 


Precision: the standard deviation is 30 milligrams over 
the full capacity range of 800 grams. 


The Mettler line of precision balances has two other 
models, K-4 and K-5, with capacities of 4000 g and 
2000 g respectively. Write today for our complete 
file of descriptive literature. 


INSTRUMENT CORPORATION 


BOX 242, HIGHTSTOWN, N. J. 
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alter the 500-to-1,500 1 output Ic 
than 0.05 per cent. A zero-drain the 

mally insulated battery provid It 
age reference. Scientific Specialties 
Corp., Snow & Union St Boston 


35, Mass 
Circle No. 47 on reply card 


BATTERY SUBSTITUTI Model 
KMS8I1 Aircraft Battery Substitute op 
erates from 115 vac 60 cps single 
phase to provide a continuously vari 
able 0 to 30 vde output. Ripple i 
under | per cent at the maximum out 
put of 10 amps Opad I lectric Co., 69 
Murray St., New York 7, N. Y 


Circle No. 48 on reply card 


POWER SUPPLY: Four new 
KR ries powcr suppl 

to provide 1.5 amps through 
150, 100 to 200, or 195 to 
range. Regulation is to within 
olts for the full range of load 

to within 0.2 volts for 105-to-125 
line variations. Ripple is under nilli 
volts. ‘T'wo unregulated 6 hiament 
upp! deliver 15 amps at ¢ olt 
Height is 124, width 19, and depth 
17 in. Kepco Laboratori¢ 131-35 
Sanford Ave., Flushing 55, N. Y 


Circle No. 49 on reply card 


+} 


SILICON POWER RECTIFIER 
A new silicone power rectifier operate 


it temperatures up to 150 deg ¢ ind 
and 14 amp half wave ratings. Peak 
inverse voltage; 100 Bogue’ Elec 
tric Mfg. Co., 52 Iowa Ave., Paterson 


N.] 


boasts efficiencies up to 90 per cent 


Circle No. 50 on reply card 


VOLTAGE REGULATOR: Model 
MAI000S is said to hold voltages to 
within 4 per cent against line or load 
variations. It uses a magneti npli 
her controller with a. sili 

reference clement Output 

0 to 1,000 va. Sorenson €* Co 
Fairficld Ave., Stamford, Conn 


Circle No. 51 on reply card 


HIGH TEMP ‘TRANSISTORS: Said 
to withstand high tempcrature ire 
two new transistors for aud 
rf application hey hav 

ipation ratings for 50 m 

135 deg C. Maximum r 

voltage is 22. Raytheon Mfg. ¢ 
Chapel St., Newton 58, Ma 


Circle No. §2 on reply card 





Notable 
A. chievem encs 


at SPL. 


THE CORPORAL-—a highly accurate surface-to-surface missile is a 
supersonic vehicle of the ballistic type. The Corporal system includes 
not only the missile, but also extensive ground handling, check out 
guidance and launching equipment 

This missile, now in production elsewhere, can be found” on active 


service” wherever needed in the American defense pattern 


Pioneering—a continuing responsibility 


JPL JOB OPPORTUNITIES ARE 
WAITING FOR YOU TODAY! 
In these fields 


ELECTRONICS 
ELECTRONIC RESEARCH 
SYSTEMS ANALYSIS 
ELECTRO-MECHANICAL 
INSTRUMENTATION 
INERTIAL GUIDANCE 
TELEMETERING 
PHYSICS 
PACKAGING 
MECHANICAL ENGINEERING 
AERONAUTICAL ENGINEERING 


CALTECH 





The success of the ¢ orporal is typic al of the progress in uided missile 
technology which had its beginnings at JPL in the first early rocket ex 
periments in 1940. Since then the Laboratory has grown to occupy ai 
80 acre site in the San Gabriel mountain foothills north of Pasadena and 
is staffed by the California Institute of Technology 

In missile development, JPL maintains a broad systems responsibility 
For example, in the Corporal program, from earliest ideas to production 
engineering — from research and development in electronic guidance 
propulsion, structures and aerodynamics, through field problems and 
actual troop use—full technical responsibility rests with JPL engineer 
and scientists 

Naturally, close integration with such a vital program provides excep 
tional opportunities for original research. This coupled with the ideal 
facilities and working conditions at the “Lab” is a prime attraction for 
scientists and engineers of unusual ability 

Expanding programs are rapidly providing new openings for quali 
fied people. If you would enjoy the challenge of new problems in research 


] 


write us today outlining your interests experience and qu ilifications 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 





NEW! TOP READING 


AUTOMATIC TANK GAUGE 














Introducing a special adaption of the Figure No. 2500 series, designed for 

use on all tanks, below or above ground, where top readings are required. 
‘Bibow sheaves and brackets’ are eliminated on this model. The stainless 
steel tape is connected from the gauge head to float in a straight line. 
Elimination of extra parts reduces friction; therefore, greater accuracy 
can be expected. 
Figure No. 2500 R is float and Neg’ ator motor actuated, has the combina- 
tion counter and dial reading, gravity compensator, and built-in operation 
checker. Can be mounted directly on tank or at eye level at customer's 
option. Furnished for working pressures to 2.5 p.s.i.g. as standard. 

For higher working pressures to 300 p.s.i.g., the Figure No. 2500 CR 
is recommended, Its counter mechanism is magnetic driven, no packing 
glands or mechanical seals required on the rotating shaft. Convenient pro- 
vision is made for mounting remote gauger transmitters, and high or low 
level limit switches for sounding alarms, lighting lights, starting and 
stopping pumps, etc. 

Contact your ‘Varec’’ representative or write the factory for full information. 


THE VAPOR RECOVERY SYSTEMS <o 
COMPTON, CALIFORNIA, U. S. A. 


Cable Address: VAREC COMPTON 
(Cal. U.S.A.) All Codes 
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DIGITAL DEVICES 


MAGNETIC DRUM stores 
42,000 bits at 3,550 rpm. 


Model ERA 1114 Drum 
its own motor, and ust 
tion track Ihis model 
of the standard Univac lin 
ton Rand Univae Diy. of Sper 
Corp., 1902 W. Minnehaha 
Paul 4, Minn. 


Circle No. §3 on reply card 


: 


4 
4 
1 
lal 


PHOTO-ELECTRIC converter 
contains own preamps. 


The principle behind th 
this analog-to<ligital convert 
about the same as the one behin d thi 
Baldwin Piano convert described 
last month. A tran — ide dis 
gets in the way of a flashing light, with 
photo-cell doing the sensin hi 
converter also contains it vn potted 
transistorized preamplifiers to yield an 
output of 3 volts across 3,000 ohm 
By flashing the light source 
at up to 100 per sec ¥ ithout 
result. Thirteen channe 
the fist-size machine 
position into 8,192. part 
upply operating from | 





INDIANA 
PERMANENT MAGNET 


DESIGN INFORMATION 


HOW PERMANENT IS A PERMANENT MAGNET? 


Permanent magnets are permanent, Proof 
of permanence is substantiated by many 
practical applications over long periods 
of years. 

The continued accuracy of some of the 
most exacting scientific electrical measur- 
ing instruments, or of the familiar house- 
type, watt-hour meter depends upon a 
permanent magnet. 

The speedometer in your car, the mag- 
neto in your power lawn mower, or your 
wife’s magnetic knife rack in the kitchen 
may be consigned to the junk pile in 
time because of mechanical failure or 
obsolescence .. but definitely not be- 
cause of magnetic failure. 

There is a common belief. . which is 
incorrect..that a permanent magnet 
supports its external magnetic field by 
dissipating some of its internal magnetic 
energy. This definitely is not the case. 


Adverse Factors on Remanent Mag- 
netism. The magnetism of a permanent 
magnet can be adversely affected by any 
one, or a combination of, the following : 


Elevated Temperatures can cause very 
appreciable initial 
losses in magnetism, 
up to complete de- 
magnetization, even 
though metallurgical 
properties are not af- 
fected. 


External Magnetic Fields from electro- 
coils, high electrical 

currents, or even / 
other permanent mag- Vi 

nets can partially or 

completely demag- 

netize the permanent 

magnet, and ob- 

viously, if the field is 


sufficiently strong, completely reverse 
the polarity. 


Contact with Ferromagnetic Material by 
a permanent magnet in such a way that 
the normal internal field pattern is dis- 
torted can adversely 

affect the remanent 

magnetism. This is 

an important condi- 

tion to avoid in the 

handling of magnet- 

ized magnets. 


Changes in the Magnetic Circuit such as 
to produce a larger air gap than that on 
which it was initially magnetized, will re- 
duce the strength ot 
the magnet instantly 
and it is not recovered 
by reassembly to the 
original gap. A typical 
radio loud-speaker 
magnet, if removed 
from its associated steel circuit, then re- 
assembled without remagnetizing, may 
lose as much as two thirds of its initial 
strength. 


Vibration and Shock 
have little effect in 
most applications. 
In all of these 
cases where only the 
remanent magnet- 
ism has been af- 
fected, losses can be recovered by remag- 
netization. 
This article is a condensed version of 
a recently published feature article carry- 
ing the same title. Reprints of the full 
length article are available on request. 
For assistance in designing the most 
efficient magnet for your product, con- 
sult our design engineers—without ob- 
ligation, of course. 


THE INDIANA STEEL PRODUCTS COMPANY 


Valparaiso, Indiana 


WORLD'S LARGEST MANUFACTURER OF PERMANENT MAGNETS 


published for industrial and consumer 


product engineers and designers 


Magnetic Materials Exhibit at 
IRE Radio Engineering Show 


Members of the magnetic materials de- 
sign and application engineering staff of 
Indiana Steel Products Company will 
man the company’s exhibit at the forth- 
coming IRE Radio Engineering Show 
in New York, Monday, March 19 through 
Thursday, March 22 


The exhibit, located in Booths 2 and 
4 at Kingsbridge Palace, will feature a 
full line of permanent magnets including 
Cast Alnico. , Sintered Alnico. . In- 
dox Ceramic Magnets..and Cunife. 


New manual discusses selection 
of permanent magnet materials 
This newly pub 

lished, 12-page 

manual entitled, 

‘*Permanent 

Magnet Mate 

rials and Thei: 

Selection,”’ di: 

cusses physical 

and magneti: 

characteristics 

and the applications of Cast Alnico 
Magnets (Grades I, Il, Ill, IV, V, VI, 
XII); Sintered Magnets (Alnico II, IV, 
V, VI, Indalloy and Indox 1): Ductile 
Magnets (Cunico and Cunife 1) and 
Formed Magnets 
Cobalt). 


(Chromium and 
Also included is a selector-type chart 
which lists magnetic characteristics, de 
sign factors, material characteristics, and 
manufacturing methods and limitations 
of the various magnetic materials. In 
addition, special sections present a 
“Glossary of Magnetic Terms” and a 
list of magnetic “Symbols,” 


publication are avail 
Ask for Manual 5-P-3 
on your company letterhead, 


Copies of thi 
able on request 


INDIANA 
PERMANENT 
MAGNETS 


MARCH 
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PRECISION-BUILT 


MINIATURE FAN UNITS 


400 CYCLE 


Variable 
\ Frequency 


EAD’s ring-mounted fans are designed for quick, easy installation 
in avionic and electronic equipment. Designed for peak per 
formance, compactness, and versatility, these units utilize blade 
diameters as small as 2’—with air delivery greater than many 
heavier blowers. These fan units, using motor sizes from 1” to 2” 
in diameter, are designed to meet your most rugged conditions. 
There is a ring-mounted fan for your requirements. Write for 
complete technical and performance data. 


REPRESENTATIVE UNITS 


Au Air 


Basic 
Delivery | Delivery Input 
at at Voltage | Frequency Watts) Type 


5"S Pp Numbers 





F4H92H 





F2HIT 





F2H90U 
































EASTERN ALR DEVICES. 10 


SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD 
i “4 % 
te ‘ d a (c 
\ 3 7 ‘- aml 5 i cy 
AL SLOWER TACHOMLICR GENERATOR fans acTOC@maroRs Glan a 


Cint® 


375CENTRAL AVENUE © DOVER, NEW HAMPSHIRE 
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urrent, is also available. Electronic: 


Corp. of America, Cambridge, Ma 
Circle No. §4 on reply card 


~~ 


MAGNETIC DRUM heads 
now in production. 
Now im production 


dium heads that generate 

olts peak to peak 

+)-ma writing current will completely 
iturate a O.001-in. coating of red 

oxide on a drum 0.002 to 0.004 in 

iway. The flat on the side of the head 
milled while electronically locating 

thi position of the slit in order to in 
ure perfect verticality between th 

two. 7. B. Rea Co., 7 Cloverfield 

Blvd., Santa Monica, Calif 


Circle No. §§ on reply card 


PULSE ‘TRANSFORMERS: An 

M serie pulse transformer weighs onl 
+t grams, measures 0.44 in. in diam 
ind can be wound to cover a range of 
pulse widths from 0.05 mucrosec to 
2.0 microse¢ lechnitro] engineering 
Co., 2751 N. Fourth St., Philad Iphia 
3, Pa 


Circle No. 56 on reply card 


CONTROL 
COMPONENTS 


PNEUMATIC CHARI DRIVI 
Pneumatic pulses can 

is 250 ft from the 

Lhe drive mechani mi 

tallation where othe: 

drive irc. undesirabk 

ited pneumatic flapper 

pulse generator I hi 

power up to 57 ecord 

ft away, or 25 instrument rt Va 
Industrial Div. of Minneapolis-Honey 
well Regulator Co., Philadelphia, Pa 


Circle No. §7 on reply card 





et | 


MA6501 — tubeless 
0.01% regulated DC 
supply; 6 and 2 volt 
outputs. 

. 


ELECTROSTATIC GEN- 
ERATOR for lab or in- 
dustrial high-voltage 
applications. 


* 
MA1000S — tubeless, 
dependable 1000VA 
regulotor, ideal for 

oe dad i sell 





tions. 


SORENSEN & COMPANY, 








NEW PRODUCTS... 


375 FAIRFIELD AVENUE, 


MR3215 5-32VDC AT 0-15 AMPS 
new, tubeless, magnetic amplifier 


WIDE RANGE REGULATED 
DC POWER SUPPLY 


for versatile, trouble-free performance 
in countless design & test applications 


Different outside . and inside! The latest design in 
magnetic amplifier regulation. A silicon diode is used 
as reference element and a transistor amplifier pro- 
vides the control current for the magnetic amplifier 
Wide range, continuously adjustable voltage at high 
current. Regulation +0.5% against line or load, ripple 
1% RMS. Versatile, dependable, rugged, economical 


VISIT BOOTH 646 CIRCUITS AVENUE, ILR.E. SHOW 


4 Also see these other new products plus computer power sup- 
plies ond Sorensen’s developments in industrial ultrasonics 
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STAMFORD, 
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- BROADER ENGINEERING HORIZONS FROM SORENSEN 


CONN. 
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NEW PRODUCTS 


RESISTANCE STANDARD 
100-kilohm esistor 
within 0.0015 

ColMipatl 

ranging 


1.2 megohm 


tandard are 
ver deg ( 
ries Inc., 3 dt St \ 
York 51, N. ¥ 

Circle No. 58 on reply card 


rl’ 

r , 

MITALO 
( 


LOW -VOLTAGE CAPACITORS 
A new line of ccrami 
intended for low-voltag 
rang rom 
y re rated for 7 
citan or trom 
Gulton Industri 
N.J 


RESISTANCE THERMOMETER ELEMENTS Circle No. $9 on reply card 


For Quick, Low-Cost 


SURFACE TEMPERATURE 
MEASUREMENT and CONTROL 


RdF Stikons bond easily to practically AVY surface ANYWHERE 


STRIP-CHART PRINTER: Up 


Cylindrical Surfaces in the Hard-To-Reach Flat Sur Rounded Surfaces on En- 24 number in b CIO 


Food, Chemical, and Pe- faces Inside Ducts and ine Cowls in the Aircraft : 
troleum Processing Indus Heat Exchangers in the ndustry with minimum for p! inting with strip 
tries, utilizing existing in- Aircraft, Automotive, and obstruction to airflow. : } f | r obse 
stallations. Chemical Industries with- vithout obscuring 


out affecting the flow of record. Models are a lab 
the fluids. 


Used for reasearch and manufacture in all fields of temperature measure- ing time, serial numb 
ment and control, an RdF Stikon consists of a temperature-sensitive grid print wheels can be provid if d 
of very fine nickel wire bonded into a paper-thin wafer of flexible, insulat- ired. Royson Engineerin ( Hat 
ing material. Bonded by cement to almost any surface anywhere, an haro, Pa 
RdF Stikon is unaffected by shock or vibration. Its response to temperature ae 
change is extremely fast and amazingly accurate. The thinness of the Circle No. GO on reply card 
RdF Stikon (.005” to .010") opens up applications difficult or impossible 
with other thermal-sensing elements. NEW CONNECTORS \ 
In addition to the standard RdF Stikons tabulated below, special resistance- eae line of m bs 
thermometer elements are tailored to specific customer needs. ro - agin i gas " ' 1 ates 
connectors Ltesu lia ithip dt Lik} 
—“Tosadaneaa : | 77 > - a together to connect, but a twist a 
Resist ance at Temperature Wafer Size 





ve pull to d mnect. Nugent 
70°F (ohms) Range F* Material (inches) FI | as ay t | : ; 2h = 
81.7. +| —100° to +300° Bokelite yx 1% x 005 ectronics VO., Ei 
50. 100° to +300° Bokelite “ox % x .006 | New Albany, Ind 
200. —100° to +-300° Bakelite Nex % x .006 Circle No. 61 on reply card 
50. 100° to +-180° Poper “ex % x .006 
200. 100° to +-180° Paper “ex %x 006 ; 
100. 100° to + 500° Silicon-Gloss | %gx Vix 010 | PUBING Ct re ( TOR \ shutoff 
: a a Sag — : valve incorporate " ly Va 
Send for our FREE Temperature we 
Quick Connect littin 
Measurement and Control Brochure ~ 


Today. leakage during thi 11M 


connecting Operation 
ting Co., 554 E. 14 
10, Ohio 


Circle No. 62 on reply card 
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I Describes a 
lenoid valve for soluble oil, hy 
vater, at fluid temperature 
Can be fitted with a dashpot 
independent regulation f open 
| closing speed 
36) THERMOCOUPLI 


INSULA 
TORS : 


Stupakoff Dis he Carborun 
dum Co. Catalog Section 356, 6-pg. gat 
fold. Lists sizes and shapes of available 
tubes and properties of magnesia and alu 
minum silicate, the two materials used 
137) STABILIZING AMPLIFIER 
George A. Philbrick Researches, In Bu 
letin K2-] About a new, 


electronic analog 


plug-in typ 
component with gain of 
1,000 and input-offset and long-term drift 


: ee 
of less than | millivolt 


HYDRAULIC 


Lynn Co. Form SD B 
Lonel 


POWER Char 
>, 16 pp. Describe 
raulic pumps, supply tank ilves, ho 
] hilter in vlinder Funda 
of hvdrauh own graphi il 
SERVO AMPLIFIERS Servo 
p. of America. Bulletin TDS-1120-4 
+ pp. Covers four new units: a 60-c 
ontrol, a 400-cycle 


} 1 
uctance amplifier that accepts two a 


two-phase motor 


one de input, and two plug-in unit 

140) THERMOCOUPLE WIRES. Re 
vere Corp. of America. Engineering B 
letin 1701, 12 pp. Not just wires, but 
treated from 
iturant 


extension lead too ire 
nsulation 
metallic braids, military part number 


these point 


pecihcations 

(141) RATEMETER. R ‘ 
trol Instruments Div. of North Ameri 
"hi ip ( In Folder + pp Ci 


a = ani anal 
yperati ind pp ition 


yy 


iler fo proportiona 
(cel inting 
14 X-RAY UNTIT Re 
trol Instruments Div. of North Ame 
Ph ] Pp Co In De i] vith 1 
improvement that provides 40- o1 
pertur for rapid inspection of 

. 3 


pipe lines, power plants, and ship ai 


raft equipment 

14 ENVIRONMENTAL TESTING 

Genera t t é In Bre 
; the fa 

144) VIBRATION DATA he 

Mfg. Co. “The Vibration Notebook’ 


with thi 


MB 


i 1 


GAGING MACHINES ratt & 
D f Niles-Bement-Pond Co 
| bes P&W 
he k many 1 
Indicator 

i ext part is mserted 
JUNCTION TRANSISTORS 
t & Electronics Div. of Mo 
I 1 tin ATTC-9¢ 5 pp. Th 


CONTINUOUS SUPPORT AND 
PROTECTION FOR 
INSTRUMENT TUBING 


INSTROF 


Tubing may readily be run to individual instruments or panels as needed. 


Delicate instruments quickly become useless without adequate tubing support. 
Instrof provides a flexible, simple-to-install system for maximum efficiency and 
dependability at minimum cost. Famous Pin-Type Coupling available for wide 


range of standard fittings and runs. 


Instrof is a system of Prefabricated Expanded Metal Trough specifically designed 
for rigid, continuous support and protection of instrument tubing. All parts are 
hot-dip galvanized for long life. Widths of 3’, 6'', 9°’, 12°’, 18’, and 24”, 
lengths of 8’, 10’, and 12’, and a complete line of fittings allow the Instrof 


system to meet the demands of virtually any plant layout 


Exclusive Pin-Type Coupling speeds installation and reduces labor costs, Just 


two coupler pins and a bottom plate are needed to complete a connection 





2 


Drop-out is one of many standard 
fittings that keep an Instrof system 
flexible, yet simple to install. Ex- 
pansion is a simple matter with an 
Instrof system as additional tubing 
may be laid in existing trough. 





Ks 
INSTROF corp. 


DIVISION T. J. COPE, INC. 


711 SOUTH FIFTIETH STREET 
PHILADELPHIA 43, PENNA 
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FREE 


Making possible for you 
the maximum utilization 
of available design theory 


This book will be given to you 
with your first selection and 
charter membership in the McGraw-Hill 
Electronics and Control Engineers’ Book Club 





Announcing... 


a new McGraw-Hill Book Club 
for Electronics and Control Engineers 


The MeGraw-Hill 
Control Mngineers’ Book Club ts 
being organized to provide you 
with a technical reading program 
that cannot fall to be of value to 
you, It will bring to your atten 
tion outstanding books in your 
field which, through a variety of 
human reasons, you might other 
wise miss 


Electronics and 


Stop here for a moment and check 
the ten important books listed in 
the coupon, How many of these 
books do you own? Have you been 
denying yourself the stimulus, the 
positive help that they could give 
you? They are the contributions 
of specialists in almost every 
branch of your fleld-—authorities 
who offer their practical guidance 
for your use at any time. Possibly 
qust one idea from one of these 
0oks could mean more to you in 
actual dollars and cents than many 
times the cost of the book. Add 
any one of them to your personal 
library and you are apt soon to 
number it among the most effective 
working tools in your possession 


The choice is yours. These ten 
books suggest the quality of the 
volumes which will be made avail 
able to you as a member of the 
Club. All selections will be chosen 
by the editors of the McGraw-Hill 
look Company whose thoroughgo 
ing understanding of the stand 
ards and values of the literature 
in your fleld will be your guaran 
tee of the authoritativeness of the 
selections. 

From this point on, the choice ts 
yours. We ask you to agree only 
to the purchase of three books in 
a year. Certainly out of the large 
number of books in your fleld of- 
fered you in any twelve months 
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there will be at least three that 
you would buy in any case. By 
joining the club, you save yourself 
the irritation of shopping and save, 
in cost, about 16 per cent from 
publishers’ prices. No comparable 
program could be so convenient or 
© economical 


Club operates. Every 
second month you receive free of 
charge The Electronics and Con- 
trol Engineers’ Book Bulletin (is- 
sued six times a year). This gives 
complete advance notice of the 
next main selection, as well as of 
a number of alternate selections 
If you want the main selection you 
do nothing: the book wili be malled 
to you. If you want instead an 
alternate selection, or if you wish 
no book at all for that two-month 
period, you notify the Club simply 
by making use of the form and re- 
turn envelope provided with each 
Bulletin for this purpose. 

You need not accept a book every 
other month. The purchase of as 
few as three volumes in one year 
fulfills all your membership re- 
quirements. And if you choose, 
you may cancel your membership 
anytime after accepting just three 
books 


Send no money—Just the coupon. 
Why not immediately enjoy the 
stimulus and positive help this new 
program can afford you? By tak- 
ing advantage of this special offer, 
you will receive absolutely free Dr 
John G. Truxal’s Automatic Feed- 
back Control System Synthesis, 
together with your choice of any 
one of the ten books shown above 
as your first selection—at the 
special Club Price. 


iow the 


So mall the coupon today! 


ENGINEERING 


Publisher's 
Edition, $12.50 


Published 1955 


Automatic Feedback 


Control System Synthesis 
by John G. Truxal 


Professor of Electrical 
Engineering 
Institute of Brooklyn 


Associate 


Polytechnic 


A notably coraplete and current compilation of methods 
useful in the design of feedback systems. This graduate- 
level account of modern feedback theory, with emphasis on 
the synthesis of feedback control systems, includes an 
abundance of worked examples and summaries 
which make it invaluable for both advanced students and 
practicing engineer 


“The book i 


Conc ime 


highly recommended to all engineer 


Physics Today, August, 1955 
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Mail Entire Coupon to: 


The McGraw-Hill Electronics and Control Engineers’ Book Club 
330 West 42nd Street, New York 36, N. Y. 

Please enroll me as a member of the Electroni 
Control Engineers’ Book Club. I wish to 
first selection the book checked below 


and 
take as my 


} Servomechanism Practice by C) Fundamentals of Electronic 
Ww H. Ahrendt, President, The Motion by W. W. Harman, Asso 
Ahrendt Instrument Company clate Profeasor of Electrica) 
Publisher's Edition, $7.50. Club neering, Stanford University 
Price f lisher’s Edition, §7.00. Club Pr 
C) Analog Methods in Computa- $5.95 
tion and Simulation by W. W () Engineering Electronics by 
Soroka, Professor of Engineering fF Happell and W. M. Hesselbert 
Design U niversity of California Associate Professors of Electrical 
Prine 04.46 Edition, $7.50. Club Engineering, Purdue University 

rice, » i or’ io 200 } 

Servomechanism Analysis by Soyo f Raition, $ Club 
G. J. Thaler, Associate Professor 
of Electrical Engineering, U. 8 industrial Electronic Control 
Naval Postgraduate School and I 2nd FA., by W. D. Cockrell, In 
G. Brown, Senior Project Engi Engineering Div sion 
neer, A. C. Spark Plug Division Electric Compan Pub 
General Motors Corporation. Pub isher’s Edition $6.00 Club 
lisher’s Edition, $8.00 Club Price Price, $5.00 
"- 


$6.95 () Handbook of 
(0 Electronic Analog Computers tronic Circuits by John Marku 
by G. A. Korn, Staff Engineer and Vin Zeluff, Associate Editors 
lackheed Aircraft Corporation { Electronics. Publisher's Edition 
and T. M. Korn. Publisher's Edi $7.50. Club Price, $6.45 

tion, $7.00. Club Price, $5.95 ’ 

() Electronics for Communication 
Engineers by John Markus and 
Vin Zeluff, Associate Editors of U. & 
Electronics. Publisher's Edition 

$10.00. Club Price, $8.50 


I am to receive FREE with the book checked sbove 4 ¢£ 

Automatic Feedback Control System Synthesis. You will bill 

first selection only at the special club price, plus a few additional cents 
for postage and handling. 

Forthcoming selections will be described to me in advance and I 

cline any book. I need take only 3 selections or alternates in 12 

of membership. All further selections I chose will be at the member's 
special price. 

No-risk guarantee. If not completely 
shipment within 10 day 


industrial Elec- 


() Magnetic-amolifier Circuits by 
W. A. Geyger, Magnetics Division 

Naval Ordnance Laboratory 
Publisher's Edition, $6.00. Clut 
Price, $5.00 


satisfied, I may return my fret 


and my membership will be canceled 
Name (Please Print) 
Address 


City Zone 





NEW PRODUCTS | 


BIMETAL FOR THERMOSTATS 

Said to be the most economical th« 

mostat metal in its range, ASC 

be had in spirals, | lat 

blad« il} il 1] | be 
shap in thicknesses dow t 001 ee 

in. and wiitl own to 0.09 ) 
produces li deflectio ither 

of minu 


100 d nd p SOf g i = 
2 to 00 deg FAneran Sie Mpuilers 
of 200 to OOO deg American Silver 
Co ( ] 1 f ] + J 


ul hing 
N. ¥ 
Circle No. 63 on reply card 


Three New 


o = 
AC Servo 
RUGGED synchros designed | Types 0 01 a0 cos. 


for 115 v, 60 cps power. Available INPUT NO. | a | 


Pull-out torque of 1.7 ozin. mini wut wo.2 ——] F ] 
mum over a speed range of 0 to 1,600 


rpm at 25 deg C combines with an @ MAGNETIC PRE-AMP 4 
electrical accuracy of within 1] deg in STANDARDIZED SATURABLE TRANSFORMERS 
new, rugged little synchros. They ar SERVO SYSTEMS Supply: 115 volt 400 cps 
intended for use in pairs as drivers and | AND OTHER Power output: 3.5, 6, 10, 18 watts 
receivers. Weight of the siz unit STANDARD TYPES Sensitivity: 1 volt AC 
is under 14 lb. Avionic Div. of John FOR AUTOMATIC an pana Fete . 
Oste ¥ Co , cine CONTROL — owest Cost — Smallest Size 
. r Mf, , | Main St., Racin For further information requeft Form $493 
- in addition to new 
Circle No. G64 on reply card lines illustrated, @ MAGNETIC PRE-AMP + 
many standard and HIGH GAIN MAGNETIC AMPLIFIER 
higher power mag- Supply: 115 volt 400 cps 
DECADE INDUCTOR: A ang netic amplifiers are Power output: 5, 10, 15, 20 watts 
from 0.001 to 11.11 henries in 0.00] available for appli- Sensitivity: .1 volt AC 
cations involving Response Time; .008 to .! sec 


henry steps to an accuracy of within automatic contro! - 
1 per cent is the function of Model Highest performance — All magnetic 


59O denedc indncter Siesta Tie of CUSTOM DESIGNS For further information request Form $496 
Beckman Instruments, Inc., P. O FOR SPECIAL @ TRANSI-MAG*; TRANSISTOR + 
Box 296, Station A, Richmond, Calif REQUIREMENTS HIGH GAIN MAGNETIC AMPLIFIER 
_ : Supply: 115 volt 400 or 60 cps. 
Circle No. 65 on reply card - we design Sewer didnt 2, 6, 10, 15, 30 watts 
and engineer Sensitivity; .08 volt AC into 10,000 ohms 
CONTROLLED WARM-UP TUBI complete servo Response Time: .01 sec. 


: Fast response at high gain 
A new medium mu twin-triode mini- or automatic For giaadaiaten render Form $499 


ature equivalent of the 6SN7-GTB control systems (400 eps.); Form $497 (40 cps.) 
has a controlled heater wan. up char- "TRADE NAME 


ac : risti of ll se re eevee plate ipeaihiien or Ke = MAGNETIC 
voltage is 300, transconductance 2,600 THE GENERAL 
) ceramics 9. | 3 AMPLIFIERS - INC 


omhos. General Electric C 
micromho eneral Electric Co., a | a Vologhene: CY press 2-4610 


a aete © Se OF PORATION ] 
Schenectady 5, N. Y. CORPORATIO %. “ Y 632 TINTON AVE., NEW YORK 55, WV. Y. 
Circle No. @@ on reply card ot 
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LIQUID LEVEL 
CONTROLS 


The original—pioneered by B/W in 
1933. No floats! No moving parts in 
liquid, Literature describes relays and 
starters, automatic starter and relay 
combinations, multiple pump controls, 
special controls and panels and mony 
application diagrams. 


Controls not affected by pressures, 
temperatures, acids or caustics. Re- 
mote control if desired. ice free 
electrodes where necessary. 


WRITE FOR CATALOG 


CORPORATION 


2212 €. Maple Road, Birminghom, Mich 


Solve for, Lift component of @ total « 


respect to velocity direction of an air rolt 


Difficult problems—even tweifth-order linear differential equations and 
nonlinear equations—are no problem for the 

WEBER GENERAL PURPOSE ANALOG COMPUTER. 
it requires no auxiliary equipment to present dynamic solutions in acous- 
tics, aerodynamics, vibration, thermodynamics, structures, and chemis- 
try. As a simulator, the unit can be used to find operation parameters; 
to study missile trajectory and various aerodynamic factors of yawl, 
pitch, and roll 


We think it’s the greatest thing since the Model T, and if 


you don't believe you can get all of this for $8000, give us 
a chance to prove it to you. Write for more information. 


DUAL OPERATIVE TIME, real and fast, with in- 
a stantaneous switching and 5” dual beam scope 
= 
———e 3h POTENTIOMETERS 


SIMPLIFIED EQUATION BOARD eliminates 
programming of problem 


FUNCTION GENERATOR included as 
standard equipment 


CABINET DESIGN provides sliding racks 
for individual component housing 


24 AMPLIFIERS 
12 integrating/summation; 12 summation ELECTRONICS 


Avementive Functions 
Available 


A division of Weber Aircraft, 2820 Ontorio Street, Burbank, California 
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NEW PRODUCTS 


LOCKING CONNECTORS: The 
polarizing pins of Continental E-Z 
release are threaded to enable posi- 
tive vibration-proof locking and sep- 
aration without forcing or prying. 
Dejur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1, N. ¥ 


Circle No. @7 on reply card 


DELAY LINES: A new series of de- 
lay lines, only 0.4 in. in diam., can be 
fuse-clip mounted. ‘Three general de- 
signs offer low, medium, or fast rise 
time coupled with the converse delay 
per cubic inch. Most of the units are 
carried in stock, says the maker. PCA 
Electronics, Inc., 2180 Colorado Ave., 
Santa Monica, Calif. 


Circle No. 68 on reply card 


HEATING ELEMENT 4 new 
stainless-steel] rod-like heating element 
with maximum surface temperatures 
of up to 1,250 deg F is offered for 
controlling the ambient temperature 
of indicating and control apparatus. 
Standard units consume from 40 to 
1,500 watts. Hotwatt, Inc., 16 Gould 
St., Danvers, Mass 


Circle No. 69 on reply card 


PRECISION CODE DISCS: A 
unique optical technique, recently de 
veloped, enables the production of 
code discs with graduations as narrow 
microns. Circles from 1 to 12 in. 
in diam can be divided into as many 
is 2,000 lines per peripheral inch. Be 
cause the process uses exposure of onl) 
1/89000 sec, it requires a number of 
repeat exposures to make any effect on 
the emulsion. This yields an averag 
ing effect, which is largely re ponsible 
for the method’s accuracy. Precision 
Photomechanical Corp., 170 S. Van 
Brunt St., Englewood, N. | 


Circle No. 7Q on reply card 


CONDUCTIVITY CONTROLLER 
l'yp RI Indicator-Controlle: ed 


for the measurement and ntrol of 


olution conductivity, now 

matic output. Switch action is also 
ivailable for clectrical con |. Indus 
trial Instruments, Inc (;rove, 


N. ] 


Circle No. 7, on reply card 


MINIATURE VOLTAGE DIVID 
ER: Encapsulated in a housing ena 
bling the dissipahon yf . watt at room 
temperature, a new voltage divider has 


three resistance element ind four 





It’s only 4 in. in diam and 
has up to 100 K ohms per section, ac 
curate to within 0.5 per cent. The 
Daven Co., Livingston, N. | 


Circle No. 72 on reply card 


terminals 


FLEXIBLE coupling rules out 
backlash. 


Flexible coupling C 300 can be 
used with shafts between 4 and ¥# in., 
with angular misalignment of up to 
6 deg. The coupling consists of three 
discs setscrew-fixed to its shafts. Oer- 
likon [ool & Arms Corp of 
America, P. O 3049, Asheville, 
N.C. 


Box 


Circle No. 73 on reply card 


NEW FEATURES up temp limit, 
ease maintenance. 
New insulation (at A 


( mpha IZIY 


ind B above 
inorganic materials and 
to-get-at brush holder 
iddition to Gl 


increasing heat 


ruggedized Casy 
ed ire 
motor lin 


Wnong 
iimed at 
maimtenance 
i lightweight 
oved ntila 
Electric Co., 


resistance ind isc of 
Othe 
aluminum fan 


variations include 


nd imp 
ystem General 


tady 5, N. Y 
Circle No. 74 on reply card 


tion 
Sx he ict 


POTTING 


« p x\ 


COMPOUND: A 
HYSO! 
been developed « pe iall 
metal mass uch a trans 


When processed with it 


otherwise low-tempera 


new 
6600. ha 


for potting 


lip und 


} 
idaT eC 
form 


hardener, the 


T he compla 
the apprenti 


knowledge t 


pointments ft 


may attract 


] 


inclu le only 


Sigma Seri¢ 


The Series 
Top-Level 
Department 


headl ght d 


IV antenna rot 


trolled to 


that’s what 


to us, provide 


needed for tl 


for the evil dee 


SECRET WEAPON 


ant expre 1 the face of To get 


ce engines from the 
hat there w be no d ap 


yw any gallery which his antics 


1 


\ hy ? Be 1us¢ hi 


su h re liable 


Relay 


tems as the 


t product of our 


] 
Long-Rang Jig-Picture 
mmer 

itor and remotely con 
and it had better be because 
The toys, 


of therapy 


t w lesigned for 


le . t 


i balan e 
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STOP NEW PRODUCTS 
GUESSING : 


START ind he if " $i i] : Ek ane iS fn ul 
SAVING! ing Materials Div., Houghton Labora 


toric Tin 22 Houghton Ave., 
Olean. N. Y 


Circle No. 7§ on reply card 


Chronologically 
records actual 

on-and-off time 
by duration 


Gives absolute 
time-study data 
per operation 


Establishes true 
; cost accounting 
gives complete production 4 
; ermits supervision 
data continuously... automatically of parts replacement 
repairs, maintenance 
Now get complete, accurate, 
documented production data on Gives total operating 
time of machine, 
any machine, process, operation feed or belt-line 
Eliminates costly, inaccurate spot- 
Allows ability to 
anticipate equipment 
servicing 


checks, time studies, 
TR+T records on continuous 4-month 


tape. Uses no ink. No maintenance. 
Thousands in use in large and small plant 


NS A NY ARO Ne 14> GEARED JOINT transmits 
STANDARD INSTRUMENT CORP. Ann , torques around 315 deg. 


DIVISION OF HEAT-TIMER CORPORATION “Ay ‘ In addition to taking on speeds of 
657 BROADWAY + NEW YORK 17, N. Y. _ up to 500 rpm, a new group of geared 
joints features needle bearings said to 


improve efficiency over 60 per cent 


SPECIAL RECORDING above previous models, while lower 


ing costs at the same time. Three 


models offer torques of 500 to 3,500 
lb-in. Stow Mfg. Co., Binghamton, 
N. Y. 


Circle No. 7G on reply card 


designed for 


_>NEW INSTRUMENTS 
‘> DIGITAL COMPUTERS 


Let Technical’s “Special” staff assist you by 
supplying the easiest solution to many specialized 
and vital recording problems. 


For digital computers, Technical can help in the 
design and production of your special plotting 
and printing papers. You will be assured of 
reliable recorded results. Write for “Computer 
Paper” details. 


And, for new recording instruments, Technical 
can help eliminate recording problems right at 
the start. Technical’s “special” staff will design 
and produce the most accurate chart possible on 


their specialized equipment. Send for “Technical 


Notes” giving basic circular and strip chart CORONA effect controls 30 kv 
tpodientions. in miniature regulators. 


eCHNIC \ new line of miniature and sub- 
A miniature fixed and adjustable corona 
4 L CHARTS, INCORPORATED oe sue hago wenger 
188 Van Rensselaer St. Buffalo 10, N.Y. uitable for stabilizing voltages from 


eavING Amamca's Nationally Represented by TECHNICAL SALES CORPORATION 300 to 30,000 volts at currents below 


CRERSS? SLETEES 16599 Meyers Road, Detroit 35, Michigan several ma Voltage regulation can 


Standard Charts « Special Charts « Computer Plotting & Printing Paper be kept within 1 per cent. A “Vari- 
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just’ design utilizes a metal bellow asi a 


and drive mechanism to vary the ga 
pressure in some models for smoothly 
adjustable regulated voltages. Anton 
Electronics Laboratories, Inc., 122¢ 
38, Flushing Ave., Brooklyn 37, N. 
Circle No. 77 on reply card 
SCREW-LOCKED CONNECT Pit_lUuc-iNi 
ORS: The ease of jackscrew conne: 
tion has been added to the popular fs 
Winchester MRE line Ihe screw ? 
have knurled heads W inchester 7 ( 
Electronics, Inc.. Dept WW, Norwalk 
Conn 


Circle No. 78 on reply card 


MINIATURE CABLES: A new lin 
of muniature high temperature 
shielded and jacketed cables contain 
as many as 24 conductor Made to 
MIL specs, each conductor can be had 
with various striped color coding. ‘The 
jackets are made of Teflon, Kel-F, or 
a glass fibre braid Hitemp Wire 
Ti Vineola, N Y 

Circle No. 79 on reply card 


PRINTED-CIRCUIT DELAY 
LINES \ new series of custom 
built delay lines has leads extending 
at any angle, and is intended for 
low-cost printed-circuit application 
ESC Corp., 534 Bergen Blvd., Pali 
sades Park, N 

Circle No. 80 on reply card 


CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 


“Seven oni PLUG-IN 
(Not available fer equipment edvertsing | COMPUTING COMPONENTS 


i al 








$1.80 per line, minimum 3 lines. To figure 


advance payment count 5 average words to Witte 
a line 


DISPLAYED RATE 
Sp econ silp SRE aoe tots Oe of DONNER 
basis. Contract rates quoted on request. 
MODEL 30 
ANALOG COMPUTER 











MINIATURE AIRCRAFT © : 

TELEPHONE TYPE * HERMETICALLY 
SEALED * SENSITROLS * STEPPING 
SWITCHES * GUARDIAN * KURMAN * 
ALLIED * SIGMA * LEACH and many others 


4 LARGEST STOCK OF RELAYS IN THE WORLD | to use of all general-purpose analog 
PRODUCTION QUANTITIES IN STOCK 


Detachable problem boards and plug-in 


components make this the easiest 








Send for our latest bulletin C computers. Model 30 only 
$995, FOB factory. 


SCIENTIFIC a01 Seventh St 
1 ) f COMPANY Berkeley ps f 
Complete data 


n request 


GROGAN SUPPLY CO., Dept. MH . 
So. Wabash Ave., Chicago 5, Ilinois AT 733 AIRBORNE AVE _NLY ike SHOW 
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ELECTRO SWITCH ABSTRACTS 
CATALOG 


Diagrams Transformed 
Low-cotl, From “Block Diagram Transforma 


tions for Systems with One Non 
Sy ydable linear Element” by T. M. Stout, 
epe Schlumberger Instrument Co. Paper 
ROTARY 56-196, AIEE Committee on Feed 


back Control Systems, presented at 


MULTIPOLE the AIEE W inter Genera Me : . 
SWITCHES Jan 30 to Feb. 3, 1956 


Dr. Stout reviews eight of 
for instrument, beal’s rules for the transformation of 
block diagrams, adds one new rule, 
ind then examines their validity for 
and nonlinear ysten hie ults lead 
to a wider application of Dilock dla 


selector service trams, already widely used in th 


transfer, 


tudy 
of complex dynamic system 

— Rather than require algebraic ma 

nipulations of system equation the 


ESCO instrument switches permit control of com- block diagram approach has the ad 


plex circuits with a single compact switch instead of vantage of maintaining close contact 
separate switches. This catalog covers ESCO Types P with the physical system, providing 
snap-acting and Type JR detent-action switches. new insights into system operation, 
Write today for your copy of this new catalog. and suggesting formulation “of non 
linear problem vhich may facilitate 

(ESD ELECTRO SWITCH further analysi The last | 
Co particularly important since me of 
the difficulties in analyzing nonlinear 


point 1S 
en 220k @ BOEen. | 


tems may result from a poor choice 
f variables or from use, by force 
habit, of an inconvenient cde 


yf the nonlinearity 
> - i - |) ee i - 


One section of the pape 


block diagrams for electri 
> ae oe ee > ee ee ae ‘ 


detailed analysi how 
rencral electrical network 


at lower cost 1 single nonlinearity 


ented by four topologi 
block diagram \ 


NEW 


miniature 


RECORDING 
TENTIOMETER | 


— a 








~ 





The Westronic Model 2705 miniature potentiometer 
solves your recording needs and control panel 
space problems. Here are some of the 


xe One second pen travel 





features. 
wx Panel space 9%” x 842” 




















ve Weighs approximately 25 Ibs. x 5” Strip chart record 








we Guaranteed performance 





x Continuous standardization 








ve Thermocouple or MV. calibrations 4 Null balance system 


te Lower cost we Accuracy better than 0.5% 


Write for descriptive literature 


westronics, Inc. 


3605 McCART STREET 























FORT WORTH, TEXAS 
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ANY LINEAR 
FEEDBACK 
SYSTEM 


a brain is 
no stronger 
than its 
weakest 
cell” 





North ‘Environmental’ Reley 
© Designed for high humidity 
@ .. 55” to plus 65°C 


® Up to 24 contact springs 


“which block diagram provides th The necessity for automatic controls tq release man-brains from the 
simplest and neatest representation details of repetitive operations in industry is obvious. The reasons for 
of a particular network depends on 


. some systems being more dependable than others is less apparent, but 
the nature of the network 


equally important. 
[his section of the paper also con 4 Y P 


tains several examples of block dia The most responsible “automatic brains” are those in which the cells 
gram transformations of actual non 
linear circuit One of thes hown 


in Figure 1, deals with a one-section 
DL bedies usta with « dink North know-how and know-where in this field are unsurpassed 


directing control sequences are North Relays. First because relays properly 


employed are the best components for sych controls second because 


rectiher I'wo transformations ar 
hown in Figures 1B and IC. Thess 
block diagrams are based on the rulk 


all out when the chips are down. Insure its life with an all-relay control 
given in the paper. ‘Iwo other tran 


Whether your system is for simple machine control or for programing 


computers, remember that one inadequate “brain cell” might cancel it 


formation not shown) can be ob To be doubly sure 
tained by Dr. Stout’s additional rul . r : , “e) 
ich that the nonlinearity nov ap e 


pears in the “feedback” block Other 


example of block diagram conversio 

include a two-section R-C ladder net y 

7 = — pop ON 0 R T r R E L A S 
a nonlinear core material os i 


bridged-T network with rectifier 
In the last section of the pee 


Stout analyzes a general feedback is INDUSTRIAL DIVISION 

tem with a single input, a single out / 

put, and on nonlinear element. Thi | Av (ath 4 N 0 R if H E L E C if R C C 0 M P A N Y 
vstem is shown in Figure 2A, with : 7 
the four topologically equivalent block 


“Building Brain-Cells is Our Business” 


,alion, Ohie 


transformations shown in the preced 
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t- DIGHAL 
VOLIMETERS 


how wen / 
CUSIET 10 USE. 


New design features continuous, 
automatic calibration; eliminates 
manual adjustments! 


his latest improvement in E-I Digi 
tal Voltmeters automates precision 
measurements of AC and DC voltages 

Formerly, to assure precise mea- 
surements, instruments had to be cali- 
brated periodically by comparing the 
reference against internal standard 
cells. Necessary adjustments were 
then made manually. These checks 
and adjustments were time consuming 
and interrupted the test program 

Now, through new circuit design 
calibration of all E-1 DC Voltmeters 
is continuously and automatically 
checked and adjusted, The instru- 
ments are always in calibration, reliev 
ing the operator from the responsi- 
bility of making periodic calibration 
adjustments, and assuring continuous 
precise measurements 


Your E-I representative has the com 
plete story. Call him today 


FEATURES OF THE NEW 
E-1 DIGITAL VOLTMETERS 


EXCELLENT STABILITY..0.01% from 40° to 
125° F 


FAST WARM-UP TIME . 30 seconds for 0.01% 

DIGITAL READ-OUT 1” numbers 
be easily read at 30 feet 

WIDE RANGE . 0.001 to 999.99 volts 

REQUIRED ACCURACY +1 digit, or 0.01% of 
reading and/or 1 digit 


in-line; can 


NEW E-| DIGITAL OHMMETER 
AUTOMATICALLY MEASURES 
PRECISE RESISTANCE VALUES ! 


3794 Rosecrans St., San Diego 10, Calif 
Representatives in major U.S 
and Canadian industrial areas 
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ABSTRACTS 


These block dia 


that the nonlinear elk 


ing illustration: 
grams show 
ment can be represented in either a 
forward path (B and C) or feedback 
path (D and E), with its input and 
output in their normal or original 
sense (B and E) or reversed (C and 
DD The 
diagrams 
mission 


neatest and simplest final 

ecem to result when 
through the nonlinear ele 
ment is in the same direction in both 
the original and final diagrams.” 
Which of these four forms to use 
depends on the nature of the original 
diagram. 

Some shortcut procedures are in 
cluded for finding the final diagram 
directly. These procedures are similar 
to the direct determination of voltage 
ratios and transfer immittances in 
electrical network problems. The pro 
cedures, quoted from the paper, apply 
to feedback control 
eralized in Figure 2: 
1) If the nonlinear element is a for- 
ward element, with input nm and out 
put m, the transfer functions of B 
can be evaluated from 


tran 


systems as gen 


| 
| 


m’ 0 


If the a feed 
back element, with an input n and an 
output m, the linear transfer functions 

f Ik. can be evaluated from 


nonlinear element i 


G; 


In carrying out these calculations 
we imagine that the input and the 
output paths of the nonlinear block 
are opened and that a signal m’ is 
supplied to the system in place of m. 

Again Dr. Stout applies his general 
theory to specific examples. Among 
the sc are a positioning servomechan- 
ism with a nonlinear torque-current 
relationship, a positioning servo with 
nonlinear friction torque, and a con- 
ditional feedback arrangement 


OW! 


Flexible Kel-F 
PRINTED 
CIRCUIT 
CABLES 


developed by 
Sanders Associates, Inc. 


By means of an exclusive Sanders 
process, the versatile plastic Kel-F can 
now be laminated with copper in thin 
sheets to provide a flexible printed cir 
cuit cable. This unique development 
introduces an entirely new concept 
in the fabrication of multi-conductor 
cables or wiring harnesses. Excellent 
electrical and mechanical properties are 
supplied for Operation Over a wide range 
of environmental conditions. The com 
plete encapsulation of the conductors 
in Kel-F ensures maximum protection 
against moisture. Glass cloth can also 
be included in the laminations for in 
creased strength and high temperature 
stability 

FEATURES 
Excellent dielectric strength 
High degree of flexibility 
Lighter, thinner than many cables 
Maximum environmental protection 
Adaptable to many connectors 
Multi-layer construction available 
Suitable for chassis harnesses 


Wiring errors are eliminated 


Easily mounted 


Write for engineering bulletin to Dept. CE3 





Incidentally, the paper covers an 
interesting graphical technique for 
finding the equivalent operator fo 
two nonlinear operator is occurs in 
feed back tem If 5 A(x), \ 
A.(v), and u x + v, then u as a 
function of y can be found by a imple 
PT iphic il proc 

In conclusion, he usual black dia 
gram transformation rul in be ap 
plied to systems containing nonlinear 
element provided that certain 
triction I observed Nonlinea: 
block cannot be mov pa t sum 
ming poimt the order of linear and 
nonlinear blocks cannot be reversed 
and feedback lo yps cannot be reduced 
to equivalent blocks (except in special 
Cast Variables can be combined by 
addition and subtraction in any 
quired order, and linear blocks obey 
the same rules as before, so that con 
iderable modification and reduction 
of the block diagram is still po ibl 


Equations, Passive Analogs 


From “Prediction of the Dynamic: 
of a Concentric-Pipe Heat Ex 
changer’, by J. M. Mozley, E. I. du 
Pont de Nemours & Co., Inc., ASC 
Christmas Symposium, 1955 


Once again the analytical approach 
to control systems is given a boost 
Here the hardware is a simple heat ex 
changer. The author points out that 
in simple and economical systems, the 
flexibility built into the standard off 
the-shelf controller may allow adjust 
ments that will enable the show to go 
on without a hitch, but, for high peed 
low capacity high-cost ystem i litth 
hguring may point to the need fo 
some special gear. A “little figuring 
has it limitations, he empha IZ 
especially where high accuracy 
needed and linear equations are used 
Hence, half of the paper talks about 
passive network electrical analogs and 
their utility in dealing with heat ex 
changer problem As with the Taylor 
paper given at the same session of the 
ASC, calculated and analogued results 
are checked with the real thing. Many 
phase hift rrequency-r ponse curve 
ale Piven 

Rather than utilizing the four simul 
tancous differential equations that 
commonly represent the operation of a 
heat exchanger, the author present 
two simple linear equations that he 
says will do the trick thi 
deg phase shift. These ar 


M, dT, 
Mu i dt 
M; 

W; dt 


where 


HIGH CAPACITY 


in very small size! 








t? PTT 
oe ee | 
ACTUAL SIZE | 
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NEW Acro Subminiature Snap-Switch 


@ HIGH ELECTRICAL RATING 10 Amps at 115 volts or 230 
volts A.C. or 28 volts D.C. 





@ EXTREME TEMPERATURE RANGE from {| 550°F to — 100°F 


@ LONG MECHANICAL LIFE many millions of cycles, continu- 
ous duty 


® DOUBLE CIRCUIT TERMINAL ARRANGEMENT 


The big feature about this little switch is its high rating. It 
has four times the capacity of most switches in this size. And 
temperature extremes pose no problem. The Acro subminiature 
switch will operate within a range of from +350° to —100°F. 
Long life is assured through use of the rugged Acro rolling 
spring principle, up to 10 million cycles continuous duty 

High rated Acro subminiature switches are your answer to 
the problem of controlling big loads in confined areas. And on 
lesser loads their excess current-carrying capacity is a good 
safety factor. Four terminal construction permits wiring 
double circuits where required. The entire unit is housed in a 
plastic case and can be adapted to any present type actuator. 
Write for literature. 


CRO 


G COMPANW 
MANUFACT y 


SWITCH DIVISION 
Columbus 16, Ohio 


Piants at Columbus and Hillsboro 


REPRESENTATIVES IN PRINCIPAL CITIES 


MARCH 1956 159 





transistor and ABSTRACTS 


digital computer techniques 


heat transfer area sq it 
holdup of fluid in inner tube 
holdup of fluid in annulus, lb 
temperature of fluid in inner tube 
temperature of fluid in annulus, ‘ 
heat capacity of fluid in inner tube, 

Peu/\ib deg C 
heat capacity of fluid in anr 

Peu Ib deg a) 
AUTOMATIC RADAR DATA PROCESSING, overall heat transi 

Peu/min 


oO 


TRANSMISSION AND CORRELATION flow rate in inner tube 
) at an 8, Ib 
IN LARGE GROUND NETWORKS flow rate in annulu 


But because of the limit of this ap 
proach toa lSOd g phase ISCI 
tion must be used. ‘The O nodel 
prett far off base hes t 
° fo countercurrent 
En tilwe in equations can pt 
Md inusoidal variation 


0. The resulting « 


transte function 
changer, relating dvnami 
exit cold fluid temperatu 


hot fluid te mperature 


- Physicists 


Ti 


Mc (jw 
Digital computers The application of digital and 


imphfication lump 
Hughes airborne fire control lems of large ground radar net f 
tributed properties of the 


similar to successful transistor techniques to the prob lr 
7 


computers are being works has created new positions | 
changer into on point in the longi 
applied by the Ground Systems at all levels in the Ground Sys rudinal . dizection 1 eenenin 
( i on, i) ‘ l ing 
Department to th : pi . rinee 
_ - = tems Department. Engineers and constant heat transfer coefficient and 
information processing and physicists with experience in the heat « ypacity ind by neglecting heat 
computing functions of fields listed, or with exceptional storage by the wall It al R ime 
) an ." y iS ) ull 
large ground radar weapons ability, are invited to consider that the Anid on either id f th 
‘ i | J BEN 
control systems joining us walls is well mixed. This means that 
the exit fluid temperature is equa 
the bulk fluid temperature 
While the author says that the num 
ber of variables associated with heat 


1 
+ 





exchanging are too great to expect th 
heat-exchanger maker to provide data 
on the dynamic behavior f | prod 


TRANSISTOR CIRCUITS * DIGITAL COMPUTING NETS + 
uct, he wonders about the 


MAGNETIC ORUM AND CORE MEMORY + LOGICAL DESIGN « 
1 variety of predic tion 
PROGRAMMING ¢ VERY HIGH POWER MODULATORS AND condition It would se 
TRANSMITTERS + INPUT AND OUTPUT DEVICES « | is room for exchanger mak 


SPECIAL DISPLAYS * MICROWAVE CIRCUITS tatements on thi cor 


Rocket Control 


From De clopment ot Stabiliz 
Scientific a | ing System for the Vikin 
‘ a hy N | Felt Ji Th 
Staff Relations I | UL ¢ I E S : 
. : Martin Co., American 
ciety paper 17] »4 
Thre ub tem 
rocket upward | 
motor control ' 
alters the line of thrust 
motor. Next is the roll 


system, which operate 


heey 
tClll 


Culver City, Los Angeles County, California cally through control tab 
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tem use 


‘ } 
with 
(it) 
LU.UUU ] ) 


NAaxXnuih 


ili¢ 
jet st »btain ntrol from 
main powerplant. However 
of th \ King felt that a 
uperior approach 


builder 

gimballed 
rocket 
Control for the motor’s position come 
from 1 vith differential 
transformer pickoffs. ‘The 400 eps si 
nal from these pickoft is demodulated 
ind fed to an elect 
Movement for 


| ! 
then pla 


notor wa j 


VYTO cope 


amp lines 
hyd: iuli valve 
motor 
draulic cylinder 

Op ition 
count 


ato 


nol | convenient 
stud t rrorman 

tem wv ugh phase-plane 
sentatior | 
REAC 


consid 


inutat 


tim 


more 
cedure 
easil\ 
have 


Analysis Verified 


From “Dynami Analysis 
of an Air Heater Temperature Con 
trol System by Leslie M. Zos: 
Norman W. Gollin, and Robert I 
Edelman, Taylor Instrument Cos., 
ASC Christma 


An Tie 
posit yn 


Respons 


Symposium, 1955 


analysis of control 
well to arm himself with a co 
It describes the result 


é : 
made to check the 


this paper 
experime nt 


From the simultaneous record- 
ing of phenomena in the testing 
of a new aircraft. to auto 
matic programming of machine 
tools .. . from plant inventory 
control . to insurance pre- 
mium and utility rate studies — 
Davies data handling equip- 
ment is providing a convenient 
electrical memory for all kinds 
Why? Because 
Davies magnetic tape equip- 
ment is the ONLY data medium 
that provides so many 


of functions 


advantages. 


make 
magnetic 
ape 

Mi 

ata. medium 


FOR RECORDING 
REPRODUCING 
AND ANALYZING 


Instrumentation 
Automation 
Telemetering 
Seismography 
Analog and 
Digital Computing 


SEE US AT THE 


PORTABILITY — 
Davies p tabler 


\ 
make t 
carr) 


to tl 








STORAGE 


Davies ex 

possibl 

greate 

mati 
{ 


time 





ENGINEERS AND EQUIPMENT 


..» READY FOR SERVICE 
As the indust: 


in the 
nor 


Labora 


gineering * 

best soluti 
handling pr 
general infor: 
how Davies 
tape equipment 
you, write for Bu 


1.R.£. SHOW—222 Instruments Ave 
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LOWER COSTS 


SHORT RUNS 
PRE-TOOLED rotor and stator LAMINATIONS 


You can cut development costs on rotating 
electrical gear with Lamco’s help. 


Thousands of interchangeable dies permit limitless combina- 
tions to produce almost any pattern — quickly, and without 
special tooling costs. In addition to the facilities of Europe's 
largest makers of electrical stampings, our own rich experi- 
ence in the engineering and production of electric motors is 
at your service. 


Send us your drawings and specs. Glad to quote, without obligation, on laminations exactly 
os you detail them and alternatively on time. and cost-saving pre-tooled equivalents 


A Catalog will be ready about | March 1956 


Box 13 

300 Main Street 
Stamford, Conn 
Fireside 86-7013 








TEMPERATURE 
AND HUMIDITY 
CHAMBERS 


Meets MIL Specs for Temperature and 
Humidity cycles with full programming 
including MIL-E-5272-A 

“FP” Series — Front Opening 

Range: —100° F. to + 300° F. 

Humidity; 10% to 97 % 

Controllable above at 35° F. D. P 





ALTITUDE AND TEMPERATURE 


CABINETS $333 
Range: 125° F. to + 500° F. $33 TEMPERATURE CABINETS 


Altitude: Up to 125,000 ft. Hk Range: —150° F. to + 500° F. 
4, 8, 12, and 27 cv. ft. Standard Models Available — Immediate delivery 
“i White for File Golder 


SUBSIDIARY OF CRAMPTON MFG. CO. 





141 JEFFERSON ST., HOLLAND, MICH. 
MEMBER OF ENVIRONMENTAL EQUIPMENT INSTITUTE 
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f calculated transfer functions of 

heater temperature ntrol sys 

tem. The authors say that had the 

results of the calculations been con 

idered during the design of t on 

trol system, a better produ yuld 
have resulted 

Experimental and analytical result 
are given for three tests. They show 
the influence of the position of the 
sensing element, of the type of sensing 
clement, and of the type of transmit- 
ter. Frequency response of the system 
and control elements are shown 

The system under test aimed at pro- 
viding constant temperature and hu 
midity air to a dryer. A thermal bulb 
measures the dry bulb air temperature 
after a filter and sends temperature 
readings along via a pneumatic trans 
mitter. The signal operates a recording 
controller. 

For the experiments, a pneumati 
ine wave generator was used to oper- 
ate the valve motor that controls 
steam flow to the heater. ‘Two record 
ers, one reading the sine wave input 
ind the other the output of the tem 
perature bulb’s transmitter, provided 

tem response information 

After discussing the equations de 
ved to describe the syste 
thors discuss their finding 
culations. Here we find the yime 
vhat disturbing statement sally, 
1) revolutionan discovers been 
mad nor has anything been done 
inalyticall or expe! mentally that 
probably could not have been pre 
dicted by an « x pe rienced control engi 
neer Ihis statement is worth a little 
thought. Surely the derivation of the 
equation required quite a bit of ex 
perience, or at least a thorough knowl 
edge of each component thermal 
properties. ¢ ould the man « ipable ot 
making such an analysis also be able 
to predict (with an accuracy near that 
of the calculations) the effect of svstem 
variation? As the author tate, econ 
omy and quality are the objectives of 
the control system designer. But the 
economy and relative quality of the 
educated guess” and the “‘let’s-try-it 
ind-see” techniques must be compared 
with the cost of the quality analysis 
Also, a set of linear equation s likely 
to be worthless for another setpoint 
How much per setpoint calculation? 
These questions, which form the core 
of the conflict between tinker and 
thinker, are not answered for this 
study (as indeed, the answers will vary 
from case to case). While the authors 
have fought a nice skirmish with the 
economics question, there is more to 
be said 





| NEW BOOKS 


NEW 


Transform Library 


nm 
Space in last month’s issue pre Sl IPERGAI IGE 
vented inclusion of the rOuoOwing ex 


cellent bibliography prepared by Prof 
Thomas J. Higgins of the Universit 
of Wisconsin's Electrical Engineering 
Dept Ihe list was to have accom 
panied his review of Tables of Integral 
lransforms, by A. Erdelyi of Cal Tech 
Professor Higgins concluded his re 
view with the observation that Ex: 
delyi’s volumes do not contain tables of 
Laplace transforms. The following 
books, the Professor declare do hav 
these tabk 
1. DICTIONARY OF LAPLACE 
TRANSFORMS, J. Cossar and A 
Frdelyi, Admiralty Computing 
Service, London, England, 1944 
1946. Not generally available; it 
s well-encompassed in Volume | 
. FORMULAIRE POUR LE CAL 
CUL SYMBOLIQUE, N. W. M 
Lachlan and P. Humbert, Gau 
thier-Villars, Paris, France, edition 
2, 1950, 65 pages. The s-multi 
plied form of the LaPlace tran 
form is tabulated 
SUPPLEMENT AU FORMU . 
LAIRE LE CALCUL SYMBO b it 
LIQUE, N. W. McLachlan, P --- DUI 
Humbert and L. Poli, Gauthier 


Villars, Paris, France, 1950. Th to last a lifetime! 


s-multiplied form is tabulated 


RAC aneRT eas - we With proper application, the new USG Supergauge will last 


ANLEITUNG ZUM GI a lifetime! 

BRAUCH, G. Doetsch, ]. Springs SEGMENT — stainless steel, with nylon-faced gear section 
Berlin, Germany, 1947, 185 pag Nylon-to-metal bond stabilizes the nylon against expansion 
Contains inclusive tabl in a and contraction . . . maintains accurate pitch diameter 
assures proper mesh with stainless steel pinion under severe 
temperature and moisture conditions 


paper cover, convenient to carrying 
in pocket or briefcase 
SPRAVOCHNIK PO OPERAT ' 
SIONNOMIIL IS. CHISLENITU MONO-UNIT CONSTRUCTION permits easy removal of com- 
HANDBOOK OF OPERA plete gauge assembly for inspection and adjustment 

PIONAL CALCULUS. BASI¢ ARC-LOC MOVEMENT— permits all calibration adjustments of 
THEORY AND TABLES OI gauge assembly from rear without removing dial and pointer 


" ] . 
FORMULAS), V. A. Ditkin and LEGEND ON DIAL—gives complete description of socket, Bour- 
P. I. Kuznetsov, Gosud. Izdat 


Tekh -Teor. Lit Sled” teal don tube and movement material for ready identification. 
Leningrad, Russia, 1951, 225 MICROMETER ADJUSTABLE SELF-LOCKING POINTER — permits 
pages. Contains a lengthy table accurate repositioning of pointer 


of transforms, well-encompassed These features are also available in USG Solfrunt Gauges 
in Volume | 


? with solid front construction. 
OPERACIONNOE ISCISLENIE 


I EGO PRILOZENIYA K ZA Supergauges available in 4!4’, 6”, and 8!5" sizes. For 
DACAM MECHANIKI (OPER complete information on case styles, materials of construc- 
ATIONAL CALCULUS AND tion and connections write for Publication 1819. 

ITS APPLICATION IN ME 

CHANICS), Gosud, Izdat, ‘Tekh 

Teor. Lit., Moscow and Lenin 7 

grad, — eS dg Ms UNITED STATES GAUGE Mityft Abeudguailers 

pages Jontains a lengthy table P 

of transforms, well-encompassed . FOR OVER 50 YEARS 


in Volume I ™ | UNITED STATES GAUGE 
DIE ZWEI DIMENSIONALE Division of American Machine and Metals, inc., 101 Clymer Avenue, Sellersville, Pa. 
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Now...the Marsh Needle Valve 
in 416 
Ctainlece Cteel 


throughout / 


All the superior dependability 


NEW BOOKS 


LAPLACI 
PION’ EINE 
IN IHRE ANWENDI 
HOSUNG VON 
PROBLEMEN NEBS1 


ZEN, D. Voelker and G 
Verlag Birkhauser, Basel 
land, 1950, 259 Ha 
table of 
form 


Pr? 


unavailable ¢« 


i 


double | Iplact 


PRANSFORMA 
EINFUHRI 
NG ZUR 
RANDWERIT 


NG 


LABEL 
LEN VON KORRESPONDEN 
D 


» 


re 


tsch, 


itze 


1e 


of the Marsh Needle Valve 
with all the 
tance and durability of 
Stainless Steel! 
for working pressure up to 
10,000 psi; equally efficient at 
any lower pressure. Globe and 1954 + 
angle patterns with double fe- 7, +15 pages. Ha 
to 1” page table of two 
transforms 


corrosion resis- 


416 


Guaranteed 


OPERATIONAL CALCULUS 
BASED ON THE TWO-SIDED 
LAPLACE INTEGRAL, B 
der Pol and H. Bremmer, U1 
ity Pre Cambridge 


in 


male connections in %" 
size range. Also 
angle valves with male inlet, 
female outlet, 4" and 4” sizes. 
MARSH INSTRUMENT CO. 
Sales Affiliate of Jas. ?. Marsh Corp 
Dept. Y, Skokie, lilinois 


Ten stampede “~ 
\ ey aceunacy 
sy 


globe and inavailal 


Control for Chemical Engineers 
For complete 
details, write 
for Bulletin 
Wo. WY-2 


AUTOMATI 
CHEMICAI 
H. Ceaglske 


[engineering 


Process CONTRO! )R 
ENGINEERS. By Ni 
Professor of Chemical 
University of Minn 
sota, 6 bv 9 in., 228 pp Published 
by John Wiley & Sons, In N. ¥ 


( 


In an interesti 
of thi 
that the 
working 


ng preface 
undergraduate text 
began wh 
vith Prof Don 
}.NGINEERIN¢ 


onality Although 


of chemical « ngirn 


bool 


(CONTROI 
19 pel 
the need 

ricula, the approach taken 
thor | rin 
practicing engineer in rch 
text. The first two chapt 
introduction to 
mati 


MODEL LAB—60 RF TYPE 
CONTINUOUSLY VARIABLE 0-60 KV 
DC REGULATED POWER SUPPLY 


Current output 1 ma, at 60 KV. 2 
may be drawn from 50 KV to 0 
with either positive polarity or 
polarity output 


LAB-60 Cor ete 
LAH-60 PN tte 


ma 
Supplied 
negative 


nas many featu 


£695 Net contempora 
control in the proc 

including a good selection of 
tion 


$745 Net 

gecnseccesoesncencesonennnsonsoonseeesonesooscoecsoceoeoess 
howing standard proc 
[ P to page 65 it é 
l'rom that 
The 
on 
the material b 
enough. A brief and 
ot the I aplace 
few page 


ment 


MODEL 
4575 
44a KV 
POWER 
SUPPLY 


fast-reading 
math 
he roughh 


pomt 
have reader xp 
junior or ea 
evel, so 
k ! CAPO 
transform 
, with the rest of tl 
devoted to the derivation of 
that describe componen 

[he fourth chapter shows how, by 
tandard methods with differ 
equations, the response of va 
components to various signal 
Chapter 
Laplace transform simplifi 
for transfer functions and 
solutions ar 


found for 
The sixth chapter 


eg 
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TELEVISION | 2°29 WEBSTER AVENUE 
ELMAN is‘N' Ns OF + em 


Kingsbridge 7.0306 


837.50 Net 
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HIGH 
VOLTAGE 
STEP-UP 


COILS 
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COMPLETE 
INFORMATION 
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MEW? BENDIX-FRIEZ 
DESIGNER’S THERMISTOR KIT 


Physics Roundup 


NMlopERN Puysics \ Lexrsoor 
FOR ENGINEERS. By Robert Sproull 
Associate Professor of Physics, Cor 
nell University. 6 by 9 in., 49] pp 
Published by John Wiley @& Son 
inc., N. Y. $7.7 


Although this boo ‘ prepare 
with th iuthor glit mn 
“round-up” physi uurse taught at 
Cornell to undergraduates and indu 
try groups, the unafthliated reader wa 
al I ! ICV While those \ 
pe t f modern physi likely to have 
th ] ) ] to the ivcTag 
enginecr é nauctor iutol 
analyzer 
ar 
book pl l reneral macKkeTOUNd 
Ly riptio f the apparatu used te 
measure inous ettects ippea ften 
providing interesting instrument 
rormation Ihe book has a very wid 
scope pol ! 
refere! 


t reasonable value a 
WITH 

ATA 
the | articles, clectron proton : : 
neutron the device ror measuring eer 
them, and the effects of velocity. The 
second hapter tall ibout l semblic 

yarticl ind the motions taking 


ee hapter 3 te is us ho 12 Individually Packaged Rod-Type Elements, 

icid together. ( hapte } 

ussions of X-ray spectra 25 to 1,000,000 ohms range 

radiation, electron defra 

neutron defraction. ¢ Here’s a real time-saver for the busy designer from Bendix-Friez 


haptes take ul throug 


* 


me territory as fa This new Rod-Type Thermistor Kit contains twelve standard 
industrial mea 


sleet i elements for applications in sensing, controlling and indicating 
ittle later 


devices. Handy compartment case keeps thermistors separate and 
ready for quick use. Indexed boxes save time, 


assist in specifying and ordering 


These twelve thermistor elements range in resistance from 
25 ohms to 1,000,000 ohms. Kit comes complete with 


F specifications, covering dimensions, voltage-current character- 
Transformer Design _ " 

istics and temperature resistance relationships. An up-to-date list 
he LECTRONI( TRANSFORMERS AN 
Circuits, 2Npd Ep. Reuben Lec 
Westinghouse [Electric ¢ orp., 6 by : 
9 in., 360 pp. Published by John or all of these 12 different thermistors. 
Wiley & Sons, Inc., 440 Fourth 
Ave \ York 16 NX y .7 St) 


of references are cataloged for your convenience according to 


thermistor applications. Mass quantities available for any 


Bendix-Friez 
1472 Taylor Avenue 
Baltimore 4, Maryland 


n Order your kit now. Or write for 
ii 


rh : 1 new edition of a we complete information. 


a epted eference book first publi hed 
in 1947. It starts with the fundamen 


tal attributes common to all tran * i” - 
formers. Then, chapter by chapter, it ay - eZ 


| 
| 
| 
| 
| 
| 
discusses the design factors that are | 
| 
| 
| 
| 
| 
| 


Gentlemen 


Enclosed is my check for $ ledd .50 per 
kit for packing ond shipping charges). Please send 
PREZ INSTR “ No. 100 Designer's Thermistor Kits. C.0.0.'s accepted 
‘= enecial ; ! STRUMENT DIVISION 
important im special type yf tran BENDIX AVIATION CORPORATION 


formers Inter pers¢ d « hapte I deal BALTIMORE 4, MD Name 





with rectifier performance, and am 


) 
plifier and pulse circuit that depend Eapert Seles ond Service Street 


on transformer characteristics Bendix International Division 


205 E. 42nd St, N.Y. 17, N.Y, U.S.A City State 


Only the basic mathematics of tran 
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SEE THE FULL LINE OF 
G-M PRECISION 


Serve Motu 


DISPLAYED AND DEMONSTRATED IN 


BOOTH 61 


Institute of Radio Engineers 
1956 National Convention * March 19-22 
Kingsbridge Palace * New York City 


GM! LABORATORIES: Ine. 


41340 WO WOK AVENUE © CHICAGO 4), ILLINOIS 














> 


For 60 Cycle Use 


Built to rigid 
commercial 
specifications. 


Twenty-two types, 
both single and 
double pole. 


Long life. 


DC-AC 
: CHOPPERS 


Low noise level. 
} l Extreme reliability. 


- Write for 
Catalog 370. 


, 


STEVENS 


INCORPORATED 


2 ELKINS STREET 


jTH BOSTON 
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NEW BOOKS 


former design is included id there 
are few mathematical proofs. But the 
book is replete with design charts and 
graphs that have been calculated from 
the mathematical bases. ‘The autho: 
claims “good general correspondence 
between the graphs and experimental 
tests... . the graphs [for pulse tran 
formers} predict wave shape with fair 
accuracy, but to predict exactly ; 
superposed ripples would be impracti- 
cable.” 

Chapters 9 and 11, on “Magneti 
Amplifiers” and “Pulse Circuits”, hav: 
been added since the first edition. 


Managing Electrons 


ADMINISTERING A CONVERSION TO 
Evectrronic Accountinc. Harold 
Farlow Craig, Harvard Busine: 
School, 54 by 8 in., 224 pp. Pub 
lished by Harvard University, Bos 
ton, Mass. $2.50. 


Electronic accounting systems offer 
solutions to the increasing volume of 
paper work and the short supply of 
suitable office personnel, and to the 
problems of reducing the cost per unit 
of accounting operations and meeting 
new needs for accounting and statisti 
cal data. But the conversion of proc« 
dures from manual to electronic are 
not easy tasks. Businessmen have 
found that while the new systems 
solve some problems, they are apt to 
create new ones. The conversion pe 
riod can bring problems of stubborn 
employee resistance, confusion in rou 
tine work, and disruption of super 
visory job: 

This book pre ent ! ( tudy of 
1 conversion to clectronic accounting 
in a large insurance office. ‘The parti 
ular conversion studied was skillfully 
uiministered and proved to be very 
uccessful. The study is particularh 
oncemed with the administrative a 
pect of the conversion to the new 
iccounting systems, rather than the 
technical aspects. This emphasis takes 
into account those things that were of 
major importance to the administrator 
responsible for the conversion 

Part I contains some background 
material on the company concerned 
together with a detailed description of 
1 department immediately before and 
immediately after the conversion to 
the new procedures 

Part II of the study contains clinical 
iccounts of incidents of administrative 
behavior during the conversion period 

Part III contains Professor Craig’s 
observations on the evidence presented 
in Parts I and II and his conclusion 
and recommendations arising from the 





ignincant que hion 


ves in understand yo FOR OFFER 


10n OF a ve ) MEASURING 


unting “SAFEGUARD” “oleate THESE 
ROTAMETERS . PLUS VALUES 


Quizzes and Answers — 
HEAVY SAFETY GLASS DETACHABLE, EASY 
PROFESSIONAL ENGINEER’S EXAMI WINDOWS ATFRONT AND } READING METER SCALE 
BACK ARE WIDER FOR }~ SUPPLIED IN EITHER 
BETTER VIEW OF TUBE, . UNITS OF FLOW OR MM 
William S. LaLonde, Jr., 54 by § ROTOR, SCALE =f) (FOR USE WITH CALIRA 
in., 462 pp Published by McGraw TION CHARTS 


Hill Book Co., Inc., 330 W. 42d TUBES HAVE SAME INLET 

. AND OUTLET OD TO PER YEARS OF SERVICE 

St., New York 36, N. Y. $6 MIT STANDARDIZATION =) PROVE RIGIDITY OF 

OF PACKING AND END . WELDED STEEL CASE 

ok will sive candidates fas FITTINGS AND USE OF UP AND EASE OF TUBE 
:' = : TO FOUR TUBE SIZES IN a ALIGNMENT 

ing licenses an excellent idea ONE CASE 


what the real examinations are like 


NATION (QUESTIONS AND ANSWERS 


METER (DEAL FOR 
and what they need to know to pa SUITABLE FOR FRONT REMOTE RECORDING 
| = OR BACK OF PANEL AND CONTROLLING OF 
t contains over 500 ques ( 

’ tains over 500 questions selected MOUNTING FLUID RATE-OF-FLOW 











from recent examinations for Prof« 


ional Engineer License, | ind Sul NUMEROUS ROTOR . END FITTINGS AVAIL 
vel License, and Engineer-in-Train DESIGNS AVAILABLE TO ABLE IN VARIETY OF 
ing Certificate For every question PROVIDE WIDE RANGE CORROSION: RESISTANT 
OF CAPACITIES MATERIALS 
ther 1 detailed answer of the typ : oe | L 
examin iccept ind credit GET FULL DETAILS. WRITE FOR BULLETIN 18-86. 
[he questions cover all majo 


pha ( if protes ional engineering ex Schule and Koerling 


aminations: fundamental engineering COMPANY 


hemical, civil, el 
chemical, civil, electrical, and mechan MANUFACTURING ENGINEERS 


ical engineering. Many of the exam 
pk ire omposites of the mor 
complex questions found in_ prof 


2251 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA 


jet Apparatus | Rotameters & Flow | Valves Ask for | Meat Transfer | Gear Pumps Ash 
Ash tor Condensed | indicators Ash | Condensed Bulle | Apparatus Ask | for Bullet 1) 4 
sional engineering examinations all Bulletin |-1 for Condensed | tn V1 for Condensed 


over the United State hus, no mat Bulletin 10-RA 
} 
i 


te! 


of engineering is, or in what part of 


the country he will take his exam, thi 


book will serve him well 


iat the license candidate’s field 


The author has prepared many lh 


cense examinations. He is a licensed AGASTAT 
| 


professional engineer, and chairman for £ eucnes oe 


of the Dept. of Civil Engineering at 
Missile Control 


Newark College of Engineering 
Guipance. Arthur S. Locke, Vitro H d | 
Laboratories, and others at the time e ay 
Naval Research Laboratories, 6 by 9 
in., 729 pp. Published by D, Van | 
Nostrand Co., Inc., 120 Alexander re ays 


St., Princeton, N. ] $12.50 


. Now you can select exactly the right Ag 
his is the first volume to appear in 


, ’ for your particular timing need—in a hurry free selec 

a projected series on guided missiles 

T! lived by ( M tion chart lists data on every popular model in the Agastat 
i crit is eater vy srayson cI 


line—the most complete line of pneumatic time delay relay 
uch a Op 


rill and will cover subjects 


in the industry. They're adjustable for timing from 0.1 second 
erations research, systems engineering, ' 

to 10 or more minutes, unaflected by voltage variation, dust 
tructure ind design practi 1CTO 


proof, light, and mountable in any position. And there's an 
dynam propulsion, armament, 


Agastat model to precisely fit your requirements, including 
two-step, electrical interlock and double head units. A glances 


at the free selection chart tells you wich model to order 


launching and range testing, as well as 
the material on guidance presented in 
thi lume 


The subject is approached in a logi Write for your free copy to Dept. A26-320 
cal and thorough manner. Following 


an introductory chapter, « entially a Elastic Stop Nut Corporation 
definition of the guided missile prob of America 





lem, there are chapters on prior devel c - 

, IVISION 
1027 New 

opments, terrestrial and celestial ref Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 
erences, transmission of radio waves, 
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© 6400, 11400, 24300 SERIES DIRECT CURRENT, AL. 
TERNATING CURRENT, 400 CYCLE. TIME DELAY 
SETTINGS FROM 2 SECONDS TO THREE HOURS 
© SWITCHING FROM 15-00%, OF OVERALL IN- 
TERVAL CAN BE SUPPLIED © MEET MILITARY 
ENVIRONMENTAL SPECIFICATIONS © FILTERING 
TO MEET MIL-1-6181B OPTIONAL ON DC UNITS 
© WIRING DIAGRAM ON CASE 


Lanetn 
i” wan 


6400 vanes e400 stmes 


ioe 


switenes ® oie @ 1/08 


STAMGARD 0.¢ ee oc 


24300 semes 11400 senes 
400 CYCLE £6160, 60 CYCLE & 
s o/i s o/ie 


hat A\.WY.IAYDON omAany 


Design and Menufacture of Electro-Mechanical Timing Devices 


6400, 11400, 
DC, 400 cycle. 
Clutch-driven lever action. Time de- 
lay settings from 2 seconds to 3 hours. 
Where necessary, switching provided 
from 15-100% of overall interval 
Normal time settings within + 
of rating at rated voltage. 
Short interval timings 
5600 or 5800 governed 
Accuracy adjusted for 
cycle synchronous motors, 
and chronometrically 
motors. 

Repeating Accuracy specified + 
of overall interval. 
Flexible design to meet all 
ments, including multiple 
Filtering provided for DC motors to 
meet MIL-I-6181 specifications 
Choice of Flange or Stud mounting. 
Aluminum hermetic enclosures evacu- 
ated, flushed, and filled with dry 
Nitrogen. Glass seal headers or AN 
connectors. All military environ- 
mental specifications met 

Standard unit withstands vibration of 
5-55 CPS at 10g maximum 
tion. 


24300 Series... 


10% 


designed for 
DC motors 
60 or 400 
5300 DC's, 
ne 


governed 
3% 


require- 
switches. 


ac celera- 


246 NORTH ELM STREET 
WATERBURY 20, 
CONNECTICUT 


Electronic Engineers 


Of fro tantlies Unlimited... 


with the manufacturer of DATATRON 
Electronic Data Processing Machines 


ElectroData Corporation has become in litthe more than a 


year the third ranking company in the digital computer field. 


The company recently moved into its new, ultra-modern, 
40,000 square foot plant completely air and sound-condi- 
tioned—in Pasadena’s scenic Hastings Ranch area. Threefold 


expansion of facilities can be expected in the next few years. 


This dynamic growth has created innumerable openings in 
all phases of computer design, development, application, test, 


and customer service. Excellent salaries, employee benefits, 
and profit-sharing accompany these positions. If you qualify 


for high standards . . 


R. A. Alexander, 
Personnel Director 
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WHAT’s AHEAD: MEETINGS 


MARCH 


Instrument Socicty of America, Con 
ference on Instrumentation for th 
Iron and Steel Industry, Hotel 
Webster Hall, Carnegie Institut 
of Technology, and Mellon Insti 
tute of Industrial Research, Pitt 
burgh, Pa Mar. 5-6 


American Society of Mechanical En 
gineers, Aviation Division Confet 
ence Beverly-Hilton Hotel, L« 
Angele Calif Mar. 14-16 


Institute of Radio Engineers, Na 
tional Convention, Kingsbridge A 
mory and Waldorf-Astoria Hotel 
New York Mar. 19 


American Society of Mechanical En 
gineers, Instrument ind Regu 
lator Div Second Divisional 
Conference Princeton Univer 


sity, Princeton, N. J Mat 6 


APRIL 


Special ‘Technical Conference on Mag- 
netic Amplifiers, sponsored by 
American Institute of Electrical 

Institute of Radio En 

ginee! Instrument Society of 

America, Hotel Syracuse, Syracuse, 

N. ¥ Apr. 5-6 


] hngineetr 


International Exhibition on Instru- 
mentation-Automation, Norwegian 
Industries Development Associa 
tion, Royal Norwegian Council for 
cientific and industrial research, 
Abelhaugen Halls, Oslo, Norway 

Apr. 9-22 


American Institute of Electrical En- 
gineers, Conference on Recording 
and Controlling Instruments, Brad 
ford Hotel, Boston Apr. 26-27 


MAY 


Instrument Society of America, $ 
ond National Flight ‘Test Instru 
mentation Symposium Hotel 
l'exas, Fort Worth, ‘Tex May 6-9 


Symposium on Reliable Applications 
of Electron Tubes, RE TMA Engi 
neering Department, IRE Prof 
sional Group on Electron Devi 
and JETEC, University of Pennsyl 
vania, Philadelphia, Pa. May ; 


American Society for Testing Materi- 
als, Fourth Conference on Ma 
Spectrometry, Netherlands Plaza 
Hotel, Cincinnati, Ohio May 


TI take pictures of objects 
record pertinent data 


/ XO 


Simultaneously... 
automatically... 





(ON ONE 
“) FRAME 


own. 


| 
TALLER <« COOPER'S 


aULOMAatiC camera 


Automatic classifying and recording has 
been revolutionized by the Taller & 
Cooper Automatic Camera. It takes two 
pictures at once. One of the object to be 
recorded, and one of pertinent data such 
as date and time, material identification 
pressure, or any other data that can 

be inscribed on digital counters 


Activated remotely, the film auto 
matically advances to the next frame on 
completion of picture. Utilizing 16 
mm film on 400 foot reels, this camera 
offers continuous 24 hour service 


With the Taller & Cooper Automatx 
Camera, you are assured clear photos 
by means of an automatic iris which 
adjusts itself to varying light conditions 


Fan and heating units are incorporated 
in this unit when used under extreme 
temperature variations 


Write for Bulletin 
No. 507 and full details 


TALLER & COOPER, INC. 


ENGINEERS * MANUFACTURERS 
75 Front St., Brooklyn 1, N. Y. 





APPLICATIONS UNLIMITED 


@ Time Study Analysis @ Photc 
graphic Oscilloscope Readings 

@ Statistical Surveys @ Identification 
of vehicles, freight cars, airplanes 

etc. @ Document Identification 

@ Identification of metallurgical, and 
chemical reaction at various tem 
peratures and pressures 

@ Fraud Detection 


@ CONTROL EQUIPMENT 

& SYSTEMS 
@ DIGITAL COMPUTERS 
L COLLECTION VYSTems 


@ Wind TUNNEL 
INSTRUMENTATION 

7 PECIAL PURPOSE PRINTERS 
& INSTRUMENTATION 

@ CHEMICAL ANALYZERS & 
CONTROL EQUIPMENT 
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HUNIER | interested in 
INERTIAL GUIDANCE ? 








Increasingly important to the 


The Hunter KLOCKOUNTER does 
ter The Ntochou 

’ Gne-h hundredth, 
« TER is llent Teceombion. 
The Hunter KLDCROUNTRA Js iS an Instrument which the development and bro yadened 
will meet your most exacting requirements for quai 
ny porvormanse, cotiapllity, ang pw pteer oltl ¥ , B . 
have a ther and © decade guynter all ln ene compact application of these and allied devices offers 
wnit, rite tor mare lowe eee et ae _ 


Setar cMe a eR hot hunter: equipment by an Opportunity and challenge to: 


HONIER |=) 


ELECTRONIC DEVELOPMENT ENGINEERS 
MANUFACTURING COMPANY 


930 South Linn $¢ tows Clty, lowe including specialists in magnetic amplifiers, transistor cit 


cuits and airborne digital computer techniques to design and 


guided missile program at Bell Aircraft, 
































develop electronic Components such as precise integrators, 


eeeeeseeeeeeeeeees accelerometers, computers, feedback amplifiers, and instru- 


MAKE TESTING EASIER 


a 


ment servos for use in inertial guidanc c 


with SERVO SYSTEM ENGINEER 


Analyze, design and develop complete systems for inertial 


os 


— 


Type NT Terminal Blocks 
(RE RRBRRERERRERREREREBERE SE) 


STATES dependable Type NT Terminal! Blocks 
allow circuit check without disturbing per 


manent wiring. This results in easier, safer SERVO VALVE DEVELOPMENT ENGINEERS 


quicker testing 





guidance, with the help of a team of specialists. 


Design and develop high performance servo valves for 


autopilots in special aircraft, helicopters, and missiles 





To qualified person nel, these po itions are well worth investigating 
7 ’ 


“NT TERMINAL BLOCK. Built in any number Gel comple te facts by writing (or se nding resume } to. 
of poles desired, front of back connected 
with or without coding strip, with or with Manager, Engineering Personnel, De pI 14-H 


out cover. From 1 to 60 Poles 





For QOhnyspun non-inductive Instrument 
Testing Equipment, check STATES first! 

THE STATES COMPANY—Dept. T D 

19 New Park Avenue, Hartford, Conn. 


| am Interested. presse send further information on D 
L Terminal Bloe C) Ohm-Soun Resistors 
Relay and ~~ = Testing Equipment q 

















Name Tithe 


“ 4} 
Name of Firm weraft CORPORATION 


Address 


City Zone State P. on | 5eD 4 ONE . BUFFALO - & N. ay 
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EMPLOYMENT OPPORTUNITIES 





ENGINEERS 


Honeywell 


“First in Controls” 


OFFERS EXCELLENT 
OPPORTUNITIES IN 


NUCLEAR 
ENGINEERING 


PROJECT 


; with nuclear science back- 
ground, Position. requires interest 
and ability in the design of control 
systems Employment with 
HONEYWELL offers broad oppor 
tunities in the nuclear field 








Picture of a young man 


. 
including analysis of electronic 
controls and control systema, using 
control theory and analog tests 
Variety of other applied research 
activities 


~ Successful Future! 


DEVELOPMENT 





of electronic and electro-me 
chanical devices for detection and 
control of all type sof industrial 
process variables 


development and design of 

x industrial instrumentatior 
systema, data reduction and data 
handling systems 


development of pneumatic and 
mechanical devices for flow meas 
irement and control and other 
small electromechanical controls 
and re rding instruments 


APPLICATION 


ning exact nee 


Contact Our Representative 


MR. D. R. GARVEY 


HONEYWELL 
BROWN INSTRUMENTS 


Wayne & Windrim Avenues 
Philadelphia 44, Pa. 








Success doesn't just happen to a 
company or to an individual. Success 
comes as a result of clear thinking and 
long-range planning. 

And that is just what the young 
engineer in the picture is doing. He 
is studying the many possibilities of a 
career in guided missiles. 

The book he is reading is entitled 
"Your Future in Guided Missiles with 
Bendix". It is one of the most complete 
guides to job opportunities in the 
guided missile field. It also contains a 


detailed background of the functions 
of the various engineering groups such 
as systems analysis, guidance, tele 
metering, steering intelligence, com 
ponent evaluation, missile testing, 
environmental testing, test equipment 
design, reliability, propulsion and 
other important engineering 
operations. 

Here is exactly the type of informa 
tion that every ambitious engineer 
should have if he is concerned about 
his future. A copy of this thirty-six 
page book is available to you. Just 
fill in the coupon. It may help you plan 
your successful future 


BENDIX PRODUCTS DIVISION 
MISSILE SECTION 
404C, Bendix Drive, South Bend, Indiana 


Nome 
Address 
City 


State 


Please send me a copy of the book 
“Your Future in Guided Missiles.” 


MARCH 1956 





EMPLOYMENT OPPORTUNITIES 


SSeeeeneras” 
SekSeeuean” 


Tree 


Today, its roots are feeding research and develop 
ment activities on more than a dozen top-rated proj 
ects, including 6 guided missile programs, 4 aircraft, 
a major air defense system, an earth satellite launch- 
ing vehicle and a variety of highly specialized weap- 
ons systems. 

Main branches of the Martin electronics tree include: 

SYSTEMS DESIGN for radar, guidance, communica 
tion, navigation and reconnaissance systems. 

CIRCUIT DESIGN for tuners, receivers, digital com 
puters, memory devices, advanced data processing 
equipment, and a wide range of special weapons systems 
components, 

THEORETICAL STUDIES for microwave compo 
nents, antennas, radomes for missiles and high-speed air 
craft, and many advanced design applications. 

Klectronics engineering at Martin is second to none 
in the industry today, and our advanced programs 
are creating many important new opportunities. Con 
tact J. M. Hollyday, Dept. CE-08, The Martin Com 
pany, Baltimore 3, Maryland. 
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v a A dynamic leader in the 


= 1CKERS = field of magnetic ampli 


? fier control equipment 


° 
“vi5\0" 


ENGINEERS 


You, the time, and the place are the 
elements which determine your future. 
Investigate the advantages of associ- 
ation with Vickers Electric Division (a 
unit of Vickers Inc. of Detroit and 
Sperry-Rand Corporation). 


MECHANICAL DESIGN ENGINEER 


Mechanical design and development of air 
and water cooled clutches of the magnetic 
particle type ranging in size from less than 
1 H.P. to 600 H.P. Knowledge of funda- 
mentals of electrical engineering. Some 
production background desirable. 


ELECTRICAL ENGINEER 
SPECIAL PRODUCT DESIGN 


Design and development of special motors 
and various other type units. Preferably 
have experience with fractional and small 
integral horsepower motors. 


ELECTRICAL ENGINEERS 


immediate openings in the following fields 
for both junior and senior engineers at 
all levels: 

Reactor and Magnetic Amplifier Design 
Semi-Conductors (E. E. or Physicist) 
Servo and Regulator Systems 
Magnetic Particle Clutches 
Nuclear Instrumentation 
Rectifiers (Selenium, etc.) 
Arc-Welder Equipment 
Sales Application 
Vickers Electric is a moderate size company 
which in being a young organization, growing 
rapidly and having diversified engineering and 
production, offers real opportunity to the engi- 
neer to fully utilize his abilities, progress rapid- 


| ly, and acquire broad experience and training 


Write for our brochure “ENGINEERING WITH 
A FUTURE.”’ 


Airmail inquiries to 


Mr. Carl C. Schudde 
DIRECTOR OF PERSONNEL 


VICKERS ELECTRIC DIVISION 
VICKERS INCORPORATED 


(Unit of Sperry-Rand Corporation 
1815 Locust Street, St. Louis, Mo. 
he 





ELECTRONIC ENGINEERS 


Design & development of industrial measurement 
and control equipment. Get in on the ground floor 
in automation. Growing firm needs a few outstand 
ing men, Vice-President & Technical Director will 
be in New York for interviews during the IRE 
Meeting March 19 thru 22. Apply 


INDUSTRIAL NUCLEONICS CORP 
1205 Chesapeak Ave Columbus 12, Ohio 








INSTRUMENT SALES ENGINEER 


Large and fast-growing industrial instrument man- 
ufacturer hag openings for electrical, mechanical 
or chemical engineers in Detroit, Los Angeles and 
Boston. Good opportunities for advancement. Should 
have sales aptitude with strong engineering back- 
ground 
P-9246, Control Engineering 
330 W. 42 St., New York 36, N. ¥ 

















EMPLOYMENT OPPORTUNITIES 





EXCEPTIONAL 


OPPORTUNITIES | 
, | 


SERVOMECHANISM 


ENGINEERS | 


with 
INITIATIVE 


in the expanding Systems 


Section of North American’s 


Columbus Division 


Apply now for analysis and 
development work in servo- 
mechanisms in the follow- 
ing fields: 


Hydraulics 
Dynamic Analysis 


Analog Computer Applications |. 


Guidance & Control 
Mechanical & Electromechanical 
Automatic Controlling Systems 


North American Aviation, Inc. 
Columbus 16, Ohio 
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AMERICAN 
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EMPLOYMENT OPPORTUNITIES 





| a TNR 
ENGINEERS 


Electronic Mechanical 


Bel -3 a -M 


= TAM 


Currently we seek men 
with experience im one OF 
more of the following 


« Network Theory 
« Systems Evaluations 
e Microwave Technique 
o UNF, VHF, oF 
SHF meomvere 
« Analog Computers 
. Soanetie Tape Handling 
« Digital Computers 
« Radar and 
Countermeasures 
« Packaging Electronic 
Equipment 
« Pulse Circuitry 
« Microwave Filters 
Flight Simulators 
« Servomechanisms 
e Subminiaturization 
. Electro-Mechanical 
Design 
« Small ap corey 
ity Control an 
4 Quiest Engineers 





AT MELPAR 


More and more these days you hear top engineers talk about the 
many growth opportunities at Melpar. With an increasing 
number of significant electronic projects, an enlarged staff 
and facilities, Melpar provides many opportunities for 
professional growth and advancement. Our new laboratory 
is an engineer's dream come true; a building conceived 

by and constructed for the ENGINEER ~ 265,000 

sq. ft. of complete engineering facilities 


We are located in Fairfax County of northern Virginia where 
housing is reasonable and plentiful—whether you desire 

a private home or an apartment. Although we are in a truly 
suburban atmosphere, we are only 10 miles from the 
nation’s capital with all its recreational and social 
advantages. Here you and your family can grow in an 
environment to match your professional growth 





Send resume to Technical Personne! Representative, 


melpar, inc. 


A subsidiary of the Westinghouse Air Brake Co 
3000 Arlington Bivd., Dept.C-19,Falls Church, Va. 


11 Galen Street, Watertown, Mass. * 99 First St., Cambridge, Mass. 




















SERVO 
DESIGN 
ENGINEERS 


With experience in: 
* Precision data 
systems 


© Hydraulic Power 
servos 


The location of 
this new laboratory, 


The control of Radarand Weapons ™ % Suburban com: 


munity near Boston, 


systems is becoming ever more ex- offers you a choice 
acting. Raytheon isaleaderinthe © “ity or country 


application of Servo Controls and 
can offer you an unusual oppor- 


living. 


A brief resume 
form and a brochure 


tunity for professional growth and describing this new 


advancement. 


laboratory may be 
obtained by writing 
to Mr. Robert E. 
Doherty. 


RAYTHEON MANUFACTURING COMPANY AYTHEON 
WAYLAND LABORATORY WAYLAND, MASS. - i y 


® Full tuition paid for accepted educational pro. @ Progressive salary review system. 


a 
@ Interviews and rel ti 


@ Liberal employee benefit program. 





Pp paid. 





CHIEF SYSTEMS ENGINEER 


Rapidly expanding firm of automation en- 
gineers & contractors offers challenging 
opportunity to an experienced engineering 
administrator capable of directing Project 
Engineers & Specialists engaged in ad 
vanced process control system projects. 
General knowledge of Servo theory and in 
dustrial electronics, pneumatics and hy 
draulic control components required. 


PROJECT ENGINEER 


Must know pneumatic and electronic con- 
trol equipment, control valves and electro- 
mechanical components. Capable of de- 
signing pneumatic and hydraulic piping 
systems and layout flow sheets, schematics 
and detailed wiring diagrams. Some ex 
perience with dynamics of control systems 
desirable. 


SERVO ENGINEER or PHYSICIST 


To assist in dynamic analysis of process 
control systems. Should be familiar with 
use of analog computers. 


Send resume and salary requirements 
to Personnel Dept. 


CDC Control Services, Inc. 


400 S. Warminster Road 


HATBORO, PENNA 
(15 mi. from Phila 








MANAGER OF COMMERCIAL ENGINEERING 
8.5., M.E., or B.8., E.E., age about 35. Experience 
in design and manufacturer of small electro me- 
chanical devices made in medium volume. Coordi- 
nate with sales and manufacturing about 100 stand- 
ard typos to meet customer requirements. Starting 
salary $12,000. Company pays agency fee and relo- 
cation expense 

MONARCH PERSONNEL 
28 E. Jackson Bivd Chicago 4, 








 NSTRUMENT 
APPLICATION 
ENGINEER 


Prominent industrial instrument 
manufacturer has opening in Ap 
plication Engineering Department 
for graduate engineer with several 
years instrumentation experience 
with user or manufacturer. Should 
have sales aptitudes and initiative 
Interesting assignments Located 
medium size New England towr 


P-9008, Cont ' 
0 W. 42 8t., New ¥ 











LIBS (Bow No.): Address te office nearest you 
NEBW YORK: 330 W. 42nd St. (36) 
CHICAGO: 520 N. Michigan Ave. (11) 
BAN FRANCISCO: 68 Poat St. (4) 
NGELES: 1125 W. 6th St. (17) 


SELLING OPPORTUNITY WANTED 


| Instrument Sales——Texas aggressive 


agency in SE Texas seeking a ) 
tacting petroleum, chemica cess indus 
tries. SA-9285, Control Engin 








EMPLOYMENT 
OPPORTUNITIES 


UNDISPLAYED RATE 
$1.80 per line, minimum 3 lines. Position 
Wanted ads in this style, !'/2 the above 
rate. To figure advance payment count 5 
average words to a line 


DISPLAYED RATE 


The advertising rate is $17.80 per inch for 
all advertising appearing on other than con 
tract basis. Contract rates quoted on request 
New advertisements received by March 1 
will appear in the April issue 
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counts con- 





EMPLOYMENT OPPORTUNITIES 





CHILE 
ENGINEER 


If you have been responsible 
for the design and development 
of precision electromechanical 
equipment and servomechanisms, 
the chance of a lifetime may 
now be at hand for you at Bow- 
mar. One of the fastest growing 
firms in the field, we offer the 
right man an unlimited ceiling 
and the chance to progress into 
top management, shortly. Write 
now, to E. A. White, President, 
with your qualifications. All cor- 


respondence strictly confidential. “tl chose Stromberg -Carison 


Located in “America’s Happiest City 


Fort Wayne, a good place for ANYONE, for a new way of life ses « 
the best place for a family man 


bs INSTRUMENT maybe you should, too” 
OWMAL CORPORATION 


2415 Pennsylvania St. + Ft. Wayne, ind Stromberg-Carlson offered me and my 





family so much more than a good salary, Audio Amplifiers 
plus bonus and a flock of fringe benefits, Auto Radio 
CHIEF PHYSICIST that I couldn't say anything but “When do ‘ 


To supervise group working with sealed radio iso- T start?” Automation 
topes. Collimation, filtering, shielding & design of Carrier Wire Line 





Beta, Gamma & Neutron sources. Manufacturers of oo , P 
Accu Ray Industrial measurement and control sys- There's the Company itself—sixteen times 
tems. Vice President & Technical Director will be . . . , sac 

in New York for interviews during the IRE meet- bigger today than in 1940—and now a divi- Countermeasures 
i M h 19 thru 22. Apply Industrial Nucteonics . ° . 
Gore. 1208 Chennpenhe Au, Gotumbns (1, Onis sion of the headline-making General Dy Data Processing 


namics Corporation. One look at its Re 
search Lab alone convinced me that here is 











Digital Techniques 


" Electro-mechanical Design 
probably the “hottest” electronics industry & 


DIGITAL ion Aunaston taden. Electronic Carillons 
There’s Rochester, and its surroundings Electronic Switching 

Right in the heart of the Finger Lakes; only Infrared 
ENGINEERS four hours from the Adirondacks. Home of Intercom Systems 
the Eastman School of Music and Eastman 


tor Long-Range Programs Air- Theatre; of world-famous parks; of no less 
borne Control Applications 





Laboratory and Test 
Engineering 


than thirteen golf courses; of schools and 
Loudspeaker 


nallenging assignments shopping centers unrivalled in the East; of 
h opportunity to carry scientific industries whose engineers turn | Magnetic Tape Recorders 
ir ideas th h te up as your next-door neighbors. Microwave, communication 
Above all there's opportunity. As the Navigational Systems 
Comouter Greuntaction chap who hired me put it, “This is the spot Radar 
Logical Design for men who are either stymied in a little 


Advanced Circuit Design company, or buried in a giant.” More than 
Laboratory Development 
Packaging and Reliability 


Telephone Switching Technique 
: Transistor Engineerin 
twenty fields of employment are open—as Sreorng 
shown by the list to the right. Voice communication 


: ers—bid Proposa 
I started with a detailed letter of inquiry Writ sid Proposal 
Technical Personnel Dept. 2-500 to Howard L. Foote, at the address below. Writers — Technical 


Why don’t you do the same? 
ele Mae 


Division of 


Send reeume in confidence t 





P.S. Look us up at the March 1.R.E. show in New York City 


American Bosch Arma Corporation 


ene sah STROMBERG-CARLSON COMPANY SC 


Long Island, N. Y 
a O'ivistown or CEeENEBERAL OvVNANMICSES CORPORATION 


109 Carison Road, Rochester 3, N. Y. 
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With experience in: 


® Hydraulic Servo 
Control Systems 


* Design of Hydraulic 
Components for aircraft 


© Close tolerance 
machine design 


Airborne weapons systems 
have been added to the list of 
applications for Raytheon’s 
hydraulic control systems. The 
recent expansion of our engi- 
neering facilities makes it 
possible to offer unusual oppor- 
tunities to experienced creative 
engineers. 

Beginning salary range—$6000 
to $10,000 


RAYTHEON MANUFACTURING COMPANY @ y 
WAYLAND LABORATORY WAYLAND, MASS. — : Ly) 
@ Full tuition paid for accepted educational © Progressive salary review system. 


voqrams. @ Liberal employee benefit program. 
° ation convenient for country or city living. sittin’ _ 


A brief resume form 
and a copy of this bro- 
chure describing our 
new laboratory may be 
obtained by writing to 
Mr. Robert E. Doherty. 














® Testing 
@ Design 
® Patents 


Instrumentation 
Control Systems 
Economic Studies 
Management 








APPLIED TECHNOLOGY 
Consultant and Development Engineers 


INDUSTRIAL ELECTRONICS CONTROLS 
Photo-cell control systems, test equipment 
slectronic and magnetic amplifie and power it 
plle analog and digital circuitry and applications 


Box 127 Baldwir 








GEORGE P. ADAIR ENGINEERING CO. 
Consulting Engineers 


Hlectronic Controls Electronic Processing 
Nelemetering Communications Microwave 
elevision Design Developmen Hesearch 
Application 
1610 Eye Street, N. W Washington ¢ D. ¢ 
EXecutive 3-1230 











JOSEPH C. ADAMS 


Mechanical design, compatible with system char 
acteristics, Adjustment of systen haracteristic to 
optima Improvement of system characteristics 
through equalizers 

Electro mechanical transducers Power devices 
Linearization Analysis by root loci 

Synthesis by paarmeter adjustment--Network syn 
thesis Experimental procedures in transient testing 
Development planning-—Data interpretation in theory 

178 leks Street—Brooklyn—New York 








Opportunities in... 


INDUSTRIAL ELECTRONICS 


RESEARCH and DEVELOPMENT ENGINEERS 
PHYSICISTS + SALES ENGINEERS 
SYSTEM ENGINEERS 


Work in the following fields: 


ELECTRONIC WEIGHING ¢ ELECTRONIC CONTROLS 
ELECTRICAL TRANSDUCERS * DATA HANDLING 
SERVO MECHANISMS 


Growth Opportunities Created By Company’s 
Expanding Activities In Non-Military Industrial 
Electronics Contracts. 


Send resume to: 


MR. G. C. REISER 


TOLEDO SCALE CO. 


Telegraph Road . Toledo, Ohio 





HANSON-GORRIL-BRIAN INC. 
Specialized Control Systen 


ELECTRICAL - ELBCTRONI( 
HYDRAULIC MECHANICAI 
u 





SVERDRUP & PARCEL, INC. 
Consulting Engineer 


rol Engineering 
sign of aut 


Comprehensive Cont 
System analysis and desig 











Design and Prototypes 

of Electronic Apperatus 
in which Transformers and Magnetic Com 
are especially important factors in Performan 
Size, Weight and/or Cost 
4 DeHart Place Filiz 
BLizabeth 2 





CONSULTANTS 


When you are represented in the PROFES- 
SIONAL SERVICES SECTION of CONTROL 
ENGINEERING, you are contacting the ex- 
ecutives who are responsible for calling in 
the experts 

For further information on how to reach 
these executives, write 


PROFESSIONAL SERVICES SECTION 
CONTROL ENGINEERING 


330 W. 42nd Street, 
New York 36, N. Y. 
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An engineer 
worth up to 
+15,000 will 
welcome this 
opportunity 
to progress 


SYSTEMS 
ENGINEER — 


perform complex 
systems analysis, 
synthesis and develop- 
ment of major 


weapons systems. 


Join an engineering 
team at top level, 

working on a highly 
creative project with 


an electronics pioneer. 


*To arrange confiden- 
tial interview, send 
resume to Box P9272 


EMPLOYMENT OPPORTUNITIES 


UNUSUAL CREATIVE FREEDOM 
1 BENAIX ixvorarories DIV. 


@ The center of advanced 
development activities for the 
Bendix Aviation Corporation 
offering excellent opportunities 
in design, research and devel- 
opment. 


SYSTEMS ENGINEERS 

To coordinate and supervise a 
group of engineers and mathemati- 
cions in systems analysis and design. 


MATHEMATICIANS 

Evaluation of servo control and 
guidance systems and components of 
@ system Analysis of systems and 
applications. 
MACHINE DESIGNERS 

Design of automatic machine tools, 
machine tool hydraulic servos, and 
digitally controlled tools. 
CONTROLS ENGINEERS 

Analyse and synthesize control 
system and design, develop and 
package such systems. 


ENGINEERS 


COMPUTER ENGINEERS 
Development of special purpose 

digital and analog computers for 

process and business applications. 


MICROWAVE SPECIALISTS 
Research and development in ad- 
vanced microwave techniques. 


MECHANICAL ENGINEERS 

Develop mechanical and hydraulic 
components for servo controls. Sys- 
tems engineering and dynamic analy- 
zis of numerically controlled machine 
tools. 


© Stoff will participate in the initial 
exploration of new fields and the 
development of new commercial 
products. 


All replies confidential — 
send brief resume to 
DIRECTOR OF PERSONNEL 
BENDIX AVIATION CORPORATION 
RESEARCH LABORATORIES DIVISION 
4655 Fourth Avenue © Detroit 1, Mich. 


MRMA L/0N00E8 (1 








INERTIAL NAVIGATION 


Immediate openinga for 
Supervisory and Staff 


pomtiona aa wel aa for 


Senior Engineer 
Engineer and 
Associate Engineer 


experienced i? 
SYSTEMS EVALUATION 
GYROSCOPICS 

DIGITAL COMPUTERS 
ACCELEROMETERS 
TELEMETRY 

GUIDANCE SYSTEMS 
STABILIZING DEVICES 
SERVOMECHANISMS 
AUTOMATIC CONTROLS 
THERMODYNAMICS 

OPTICS 

ENVIRONMENTAL RESEARCH 


45a AE 


ARMA, recognized for ita accomy hmentsa in 
of navigation and fire cor 

development of Inertial Navigat 

deal olely with spac« 


acting independently « 


Creative engineeri 
to develop componer 


possible 
integratora to 


and distance 


and hold the 


and funct 


ARMA, one 


juipment, offe 


to help in th wre 
and ARMA extensive 
make an ARMA cares 


Send reaume to 

Technical Personnel Dept. 2-500 

Division of American Bosch Arma Corporation 
Roosevelt Field, Garden City, Long Island, N. Y. 
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... about Remote 
Heat Control 


In many industrial processes, heat 
control by direct contact is neither 
a ard nor economically feasible 

et, temperature measurement or 
control is still an important factor 

e believe we have the solution 
to this heat control problem in our 
standard infrared radiation pyrom 
eter systems for these systems 
measure and control temperature 
remotely. 

Our Servotherm” Pyrometer Sys 
tems are 
Fast — response time is just 025 or 250 

seconds even at the lowest level of sen 

sitivity 
Sensitive—temperature variations a mall 
as 0.10 1 or smaller —are detected 
Accurate — temperature is maintained 
within the limits of 

They provide the opportunity for 
continuous recording. They are flex 
ible. You can install them perma 
nently at a key site or move them 
from spot to spot. They can be 
placed as close as two feet from the 
objects to be measured or as far 
away as you require 

Servotherm systems are supplying 
the answers to remote heat control 
problems in the production of films, 
plastics, and textiles; in engine de 
sign; and in the petroleum industry 
One of our systems may provide the 
answer to your problem 

For the full story on Servotherm 
Pyrometer Systems, write directly to 
me: S. N. Howell, Dept. HP-1, Servo 
Corporation of America, 20-20 Jeri- 
cho Tpke., New Hyde Park, LL, N.Y. 


SV ifbonety 


Chief Engineer, infrared Div 


— 


25° ~ ‘ 
SE ee SN eS 


Mode! IR-2 
mec 
Coatrol 
end Components 
for Industry by 


7] =a a fe 


CORPORATION 


F A Me 


See Servotherm Pyrometer Systems §| 

in actual operation at the 

i 1.R.E. SHOW + New York City | 
March 19-22 

h BOOTHS 203, 300 Production Rd. i 
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Advertising In This Issue 


Aa 


Acro Switch Div., Acro Mfg. Co. 
AC Spark Plug Div. 
General Motors Corp. 
AGA Div. Elastic Stop Nut Corp 
of America 
Aircraft-Marine Products, Inc 
American Phenolic Corp. 33, 
American Time Products, In 
Analogue Controls, Inc 
Annin Co., The 
Askania Regulator Co 
Automatic Switch Co 
Avien, Inc 


B/W Controller Corp 

Bailey Meter Co. 
Baldwin-Lima-Hamilton Corp 
Barber-Colman Company 
Barksdale Valves 

Bell Aircraft Corp. 

Bendix Aviation Corp. 
Friez Instrument Div. 
Borg Corp., The George W. 

Bourns Laboratories 
Brush Electronics Company 


Cc 


Cash Company, A. W 

Cinema Engineering Co. 

Conoflow Corporation 

Conrad Inc. 

Consolidated Electrodynamics 
Corp. 


Cramer Co., Inc., The R. W. 


D 


Davies Laboratories, Inc. 

Detroit Coil Co 

Doelcam Div. Minneapolis 
Honeywell 

Donner Scientific Co. 

DuMont Laboratories, Inc 
Allen B. 


Eagle Signal Corp. 
Eastern Air Devices, Inc. 
Ebert Electronics Corp 
ElectroData Corp. 
Electro Instruments 
Electronic Associates, Inc 
Electronic Engineering Co. of Cali- 
fornia . 
Electro Products Labs 
Electro Switch Corp. 
Electro Tec Corp 
Epsco, Inc. 
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Fenwal Incorporated 105 
Ferranti Electric, Inc 132 
Fischer & Porter Co. Fourth Cover 
Ford Instrument Co., Div. of 

Sperry Rand Corp. 112 
Foxboro Co., The 42, 43 


By popular demand we 
have brought out an atten- 
uator design which fills the 
need for a utility attenua- 
tor without frills. 


Write for 
Catalog 18-A 








THE ANSWER TO 
YOUR BEARING 
PROBLEM? ° 


G-M Laboratories, Inc 

General Precision Equipment 
Corp. 

Goodyear Aircraft Corp. 

Guardian Electric 

Gulton Industries, Inc 


H 


Hartford Steel Ball Co., Inc 179 
Haydon Co., The A. W 168 


7] Haydu Brothers, Inc 25 

MM HL. Whine. Hays Mfg. Co. 18 
» Heat-Timer Corporation 154 

’ Hewlett-Packard Co. 64 


Hughes Research & Development 
Labs 160 


Hunter Manufacturing Co 170 ss _about the Growing 
| j Use of Thermistors 
Indiana Steel Products Co., The 143 in Industry 


Induction Motors Corp 30 Sn toeie @ » a 
Instrof Corp. Div., T. J. Cope, Inc. 149 Ans SS 
: ? “oe in industry had bee | ited 
peor rans et oo - Regen row, International Business Machines 52 frankly. Pag ae re 
lial ” ae ‘9 oor and the slow development of the 
formance and controlled tolerances in necessary allied equipment 


which parts of the end product form the J However, with the experience 
Servo Corp. has gained in develop 


because of thew high cost 


inner and ovter races. Application is 


practically unlimited, since VERSA-TWIN Jet Propulsion Lab. Div. of Cali — able to | ' t only ther 
141 ’ J ’ mo a) rin cf a i omy “me 


infrared radiation tems, we 


is engineered to the specific requirements fornia Institute of Tec hnology mistor heat detector ella, but in 


of your product. VERSA-TWIN carries frared lense preamplifiers and 
both radial and thrust loads in both amplifiers as well. We're able to pro 
duce these instrument © that they 

directions. It is space-saving and eco are now economical to buy and um 
nomical since it utilizes functional compo Kay Lab These Servotherm components 
nents of your product and often replaces Kearfott Co., Inc. have already become key elements 
as many as five or six separate ports. Kepco Laboratories in spectrometers, ¢ inalyzers and 
Kollsman Instrument Corp extensively in the lab In industrial 


production, thes omponent are 

CASE important 7 tor in . _ a at 
measuremen me ontro iVSLOMSs 

mereay for printing, railroads, paper manu 


facture, chemical, plastics and other 


pyrometers. The re also being used 


Laminations Co. 162 
now Ve Lansdale Tube Co. Div. of Philco 
TWIN Helps Cor 19 
8 F P. s components, please fill in your name 
ristol to Sell Leeds & Northrup Co. 39 and title in the section below. Attach 
More KING Lepel High Frequency Labora it to your company letterhead and 
OF TORQUE tories, Inc. 120 mail it on to me 
Synchronous Librascope, Inc Second Cover 
Motors 


processes 
For full details on our Servotherm 


| M 


a 

} ~~», »—) Magnetic Amplifiers, Inc 

y = s Manning, Maxwell & Moore, 
i Inc. . 31, 

Marsh Instrument Co 
McGraw-Hill Book Co 
Mettler Instrument Corp 
Moore & Co., Samuel 
1 Permits motor to be mounted and carry Dekoron Products Div 

loads in any position 
2. Carries heavier loads thon sleeve type 

bearings 
3. Greatly increases range of application 
4. Provides longer life and greater depend N 

ability 
5. Has increased sales Norden-Ketay Corporation 128, 129 


North American Aviation, Inc 
if you ere designing a new product or re 


designing an old one, VERSA-TWIN may offer Autonetics Div. 50 
you many desirable features. Write for des Rocketdyne Div 131 
criptive literature and information on how te North Electric Co. 157 
ge! VERSA-TWIN samples made to your speci 

fications for testing 


Here is what VERSA-TWIN does for the 
Bristol Model 444BB Synchronous Motors 


5. N. Howell, Deot. 4.3 
Pp herve Corperetion of Americe 


1-20 Jericho Tpke. New Hyde Park LIN Y 
thorA Palmer Thermometers, Inc Please send me more information or | 
 Gocsnanenel 


Panellit, Inc. Servotherr 
PRECISION BALLS * BEARINGS Phillips Control Corp. 


HARTFORD STEEL BALL COMPANY, INC. Potter & Brumfield 
6 Jefferson Ave W. Hertford 6, Conn Pratt & Whitney Co., Inc. 
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PALMER 


22 24!) Bee Eee Fe Oe a 


DIAL THERMOMETERS 


in 3 types to suit any 


requirements 


PATENTED 


Full 417," dial face. 
Stem can be placed 
at any angle and 
case can be rotated 
to any readable 
position 


Rigid Stem Dial Ther- 
mometer tapered bulb, 
interchangeable with 
standard industrial ther- 
mometer separable socket, 
(As illustrated above.) 


Wall Mounted Dial 
Thermometer with 
flexible connecting ar- 
mor, Case adjustable to 
easy reading position, 


6 Flush Mounted Dial 
- Thermometer for pan- 
'd el mounting with flex- 

ible connecting armor, 


All three types have a full 
4," dial face. 


for accuracy: Mercury actuated... 
pensated by Invar Compensaton, 
Accurate 1 scale division, 

for angularity: Can be adjusted to most read- 
able position at any angle desired, 

for readability: Bold Black Numbers ...11” of 
scc'e Reading Dial face can always be placed 
in easiest readable position. 


Fully Com- 
Guaranteed 


for interchangeability: Always specify 
“PALMER” Separable sockets as they are inter- 
changeable for Dial or Industrial type Ther- 
mometers. 


WRITE FOR CATALOG INFORMATION 


PALMER 


veneer en os INC 
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_ PLUG- INS 
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Step up engineering output by uti- 
lizing functional design technique 
and EECO plug-in circuit use 
engineering time to design systems 
instead of circuit detail. These basic 
circuit units are already being used 
by scores of organizations as build 
ing blocks in developing electronic 
equipment with surprisingly large 
economies of engineering and fabri 
cation time. Thoroughly proven by 
more than four years service in 
some of the nation’s largest data 
systems, standard EECO plug-in 
are available from stock. Custom 
units with your circuit can be read 
ily manufactured, and costs ar 
actually below those of standard 
assembly methods. Write for data 
file no. B-4, 

Electronic Engineer 

ng and challenging work 

and related projects offer 

employment opportunity 

who qualify. Send re 

attention of R. F. Lander 


EECO PRODUCTION COMPANY 
1 subsidia 
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506 EAST FIRST STREET 
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Designed for those applications where less than the best 
means failure ... by the world’s first and leading manufacturer of 
precision single-turn wire-wound potentiometers. Advanced production 


and quality-control techniques by the pioneer in mass production 


of precision potentiometers offer unequalled delivery ... of proto- 


type and production quantities. \ 


All models of the TI sall-Bearing Seri ire designed to the 
latest industrial dimensions. Servo mounting is ALA standard. Stainless 
steel ball-bearing construction is used for low-friction low-torque 
operation. Other precision mechanical features include precious-metal 
slider contacts ... centerless-ground stainless-steel shaft and on 
piece stainless-steel clamp ring developed by TIC for simple, preciss 
phasing of individual units of ganged assemblies 


Designed for precision applications in automatic control system 
the subminiature ST09, for example, feature tandard independent 
linearity of t W/ (0.3! Os special of the total resist ( and 4 5 wW/ tand 
ard total resistance accuracy. High resolution equivalent noise resist 
ance less than 140 ohms ... wide standard temperature range 55°( 
to 80°C) increases applic ation versatility. ST09 is available in standard 
resistances of 100, 200, 500, IK, 2K, 5K, LOK, and 20K 


Full specification on the ST09 and other units of the TIC pre 
cision ball-bearing series available upon request 


See Us at Booth 226-228 Instruments Ave. at the IRE Show 


523 Main Street, Acton, Mass 
COlonia! 3-771! 
West Coast Mail Address 
Box 3941, No. Hollywood, Calif. 
POpler 5-8620 





Fk &P Flowmeters 
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HATBORO, HOUSTON, CHICAGO 
OR LOS ANGELES 


Predictable performance floats 

permit Flowrator Meters with true 
percentage scales to be carried in 
stock. You benefit from F&P’s years 
of hydraulic research by getting ac- 
curate meters quickly. 


Greater flexibility of use is assured by 
the ease and simplicity with which new 
flow factors may be determined on 
changes in fluid service. Capacity may 
also be altered by revising metering float 
weight and yet, the same metering ac- 
curacy is maintained, 





Advantage ol specifying kt & P Meters 


®@ Highest quality—same as made-to-order, 
extended shipment instruments. 

@Prompt delivery—most items shipped 
the same day the order is received. 

® Economy—standardization on percent- 
age scales and interchangeable parts, 
minimizes spare part problems. 


A wide variety of flow indicators, purgemeters, trans- 

mitters, recorders, controllers and pressure instruments 

are available from stock. Write today for Catalog #2 
and complete information. 





3 FISCHER & PORTER CO. 


736 County Line Road, Hatboro, Penna. 





